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2 'v'-/ 



tTC^X (7t/cbX(l. Pt, Pd, I r, Rh, R 
u, O s(73 9*3V^-rtt/i^ia*fc«2SW-hro7t;^-Cfo 

^ 1 !S^c02:5m^^|^„ 
[if 3ft35 3 1 miiSSSSattSJiX— M n -^^X^m^^ 

0 . 9 3-0, 99 <Dmm[^x-h^m^m3mm<o^^ 
ifs*m5i mmi^^mitm^'X. x— Mn— x' 

(fcfcbXfl. Pt, Pd, Ir,. Rh, Ru, O s (D 

StlfaX— Mn—X' -a^^ti. 7C^Xi:Mn^T*« 
^$i^5S^pm^OESr«^tC5c^X' ;65«AbfcMAM@ 

I§i^3g 6 ] BUieR^^ttg t LTffl V^ ibttS X— M 
n— X' 'a'^<7:)7C^X(iP t T**>Sii*^5|EiE035^ 

Iff*:^7] tulSxi^X' (i. Ne, Ar, Kr, X 
e. Be, B, C, N, Mg, Al, Si, P, Ti, 
V, Cr, Fe, Co, Ni, Cu, Z n, Ga, G 

e, Zr, Nb, Mo, Ag, Cd, Ir, Sn. H 

f , Ta, w, Re, Au, pb. m:^m±m7^m<oo 

[fS*JS8) mjIBTC^X' (i. Ne, Ar, Kr, X 

Iff*^9] Sul£5c^X' com^ltHa t%t:\ 0. 
2-1 0O®fflf^T*fc5ft*3g5/<^^/^L8<?5l^-fi^3^l>^;l 

[fi^tt^SlO] BtJlS5t;^X' (7:)m^i±iHa t%T\ 

[ft*^ 1 1 1 TC^X ^Mn t (^Sa^itiCOfJ-a^X : M 
ni^. 4:6 — 6: 4 (7:»t5lS(^T*$>SfS*3S 5 ?:^V^ L 1 v 



yh'LXfi. Pt. Pd, I r, Rh, Ru, Os(Oo^ 

V^Tn;^^la^ycf^2ffi«±^D^mT-fc-5) 

X-Mn-^^COXOm^Jtf^a t %T% 4 7-5 7<^i5 
ffl -e fe S fg*^ 1 V N b 4 O I ^~fn;6^c:fB® <7) ^Ife;^ 

If«*3ll3] BtifB^^ia'ttii:^^ X-Mn-X' -g^ 
(fcfcL. Xf^. Pt, Pd, Ir, Rh, Ru, O 
s <D 0 1 a^fcti 2SJ^±07t;^T*fe J9 ^ 

X' Ne, Ar, Kr, Xe, Be, B, C, N, 
Mg, Al, Si, P, Ti, V, Cr, Fe, Co, 
Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, A 
g, Cd, Ir, Sn, Hf, Ta, W, Re, Au, 

pb. mi^±m7m<oo^\mt.fz\t.2m^x}c.(05m 

?F^^^tLT:Jo*9, X-Mn~X' ^^OX + X' COMi^c. 
itfia t%T% 4 7-5 7(??|5Hl^T*fe^lS*^5/.^l^ 

Iii*:31l4l X-Mn-g^^cox^^^m^Jt. feSi^fi 

X-Mn-X' ^i^(^X + X' Offi^ittia t %r% 5 
0-5 6(DgSISrtT'fo^fS*3li 2%fz.\% \ Z^mcO^ 

fcLX*!. Pt, Pd, I r, Rh, Ru, O s <D 5 
i^-r;}x;i»U«^yhf^2SJ!^il±07c^-Cfe^) T-?fM^ 

X-Mn'g':^(DXcDffl^itlia t %-r% 4 4 — 5 7 CO® 

6] X— Mn— X' ^ 

^ (T^c/cLX' Jl. Ne, Ar, Kr, Xe, Be, 
B, C, N, Mg, Al, Si, P, Ti, V, Cr, 
Fe, Co, Ni, Cu, Z ri, Ga, Ge, Zr, N 
b, Mo, Ag, Cd, I r, Sn, Hf, Ta, W, 
Re, Au. mJ^±Wotm(Oo'h\m^fz\%2 

a«±07c^-cfe5) xm^-^fx.. m^wmmmtm 

mt^(7:)Tt-?FM^ixT:Joi9. X— Mn— X' ^^(DY. 
+ X' coM^lttla t%T% 4 4 — 5 7(^)$aSf^-efe^ 

1 7] X-Mn-g-^oxcom^M:. fcSVNfi 

X— Mn— X' -g^^t^X + X' COffl^itfla t %T% 4 
6 — 5 5cO®HrtT*fe^ff*:5l 5*/cfil eiBttOS^ 

[ft:*3Sl8] ^>*<^fc7C^X (:^c/cLX(l. P 
t, Pd, I r, Rh, Ru, O s CO 5 ^>l^^-f ti;?)^ 1 a 
^3tti2ai^±O^^T'fo^) i:Mn 
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3 V-/ 



< U 

Iff *^ 2 0 1 Buias^aitii ^ X— M n ^^x*mf& 
[fs*^ 2 1 ] mm^m^im «r p t m n -g^^r-ji^^ 

<^itc/a^. 0. 9 3'--0. 9 9CDiSiarttC-r5ft* 

JS2 OIS^c^3smM^flI<?5K5t^rfeo 

IiS*:3S2 2] m^R^m^i:. X— Mn— X' ^ 
^ (ytfcLXfi. Pt, Pd, Ir, Rh, Ru, Os 

sftiex— Mn— X' ^^n. Tbmxtuntxm 

[ft*3l2 3] nmR^m^t bTfflv>p5ix5X— 
Mn— X' -^^(DT^mxnP t T**>6fS*^2 212^0 

[|«*^2 4] mJie^c^X' Ne, Ar, Kr. 
Xe, Be, B, C, N, Mg, Al, Si, P, T 

i, V, Cr, Fe, Co, Ni. Cu, Zn, Ga, 
Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, H 

f. Ta, W, Re. Au, Pb. RXf^±m7t^<0^ 
*?ia*fc(12atJl±07C^t?fo5fS*^2 2^^fi2 

[fS*3g2 5) buIStc^X' Ne, Ar, Kr, 

X e o p 1 m^/ctt 2 m^±(D^mxh^nmm 2 4 

0 . 5-5 coiSfflF^-trfe ^fi*:3g 2 6 leifeo^^SS-g^fil 

.[ff*3l2 8] TC^XtMn ^com^itOfiJ'g'X :M 
nti:. 4:6-6: 4 iOiSISf^T-^p^a^Jg 2 2 L 

fee 



hv y^mr w<D?^m^^ii'XR^^m^m^mm^ 
ti. mmR^mmm tyv -m^m ttj:^ ss^tts t 

^^^,^S'&•II^-J:^?g^^^^Tv^5ft*«3 o^m<Dmm. 
umm 3 2] yv -mi±m<D±r\cmm ^Mc^m 

m ^ tifz^^^^m{^ x^m}&^tix\^^^zt^wmt 
Tm\iZ.hyvi:^mT^^f(Dmm^^it'fxR^^m\^mtm^ 

[f»*Jl3 4] !f*::^3 0/.^l^L3 3 (Ol^-Tth^^^^m 

m ^ tifzmn.i&m.^^m^(^±T\^^^ ^ lt 

Ko 

[0 0 0 1] 

x^^^^^^mij'&Mm^^^ . mmm&\m(r>m\t 

flijiaR3SKtt^:6S7n^X (Pt, Pd«) ^Mnt^-^ 
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4 A-;/* 



[0 0 0 2] 

fefc^^^^^Ufll U]fc.GMR (giant nagnetoresistive) ^ 

[0 0 0 3] mm:^\^^>'y<j\^'>^mmmm^it. mhmm 

^ o^{b:tr[^ f^-^^-f^ tc^^Eft ^tim'^^ti^o 

[0 0 04] -m\±m(omitit. ^comm^cj^fi^^ 
[0 0 0 5] mmK^^m\^m \atF e-Mn m—^i^ 

iM) ]3I> :^fc^'<-rrx^^t;if-ic o-p t 

[0006] r (O;^ K 

F e -Mn-g^^iK^N i -lAn^^miim\i^hfl^ 
^ti&<fj:^X\^^ho yx:'y^>^t^7im\f^:^tX\ 

^^i^^mm^:^m^i.xi.^^t\f^^Pn^ 

[0 0 0 8] ::ix»;i>(tL. N i— Mn-g-ifeSgf^. Fe — 

^m^m\at. F e — M n -g^^HJ: N i — M n 

[0 0 0 9] B. Y. Wong, C. Mi tsu 

mata, S. Prakash, D. E. Laughl 
in, and T. Kobayashi :Journa 
lof Applied Phsysics, vol. 
79, Nolo, p. 7 8 9 6 — p. 7 9 0 4 (1 9 9 

6) N i -Mn^MU^Rimitmti.xm\^^fz 



[0 0 10] :i<Ot^X{a^. Tn i F e <t N i Mn<^i^ 

{111} mi^^m^tw-nttf^^x^kc. n if e 
^M^B:d-^mmA^n^:it\i:ix^mfa^tix\^^^o ti 

mmitAr-m<^j:^x\^^^. j tmM^tix\^^^o 

[0 0 11] m^t\^. 

[0012] N i Mn^^xR^i^m\^mybm^^ti^m 

[0 0 13] m^m:^^M^tl^mXI,'±. N IMn-a-^O 

Ni, MTim'f'<Dmmm^ib^^m.m^j:m*b 

fc»^(;i:iott5N i -Mn^^lK(^*&^^^a. c <7)Jt 
c/a 0. 9 4 2X&>^o 

[0 0 14] :i<DXo\Z. ^^\^mwm^tti:^fzN i 

h^tci^. ^mwm'f-^^ h m.fim^ \z.^wct ^m^^M. 

tCfcoTt). m^m:^m^fh^:Lt{Z.X^. NiMn^ 

[0 0 15] ^j:^mxtLtc^x\zmm^nx\^^^x^ 

[0 0 16] 

[^P.g;6^^^?*LJ:5i:'r5ilMl tuaiL/c J: ^ (c. Ni 

5/=^V^i&St*^3 0 Ot:i:fg</^oT4^i9> V^^<DF 
eMn^^\Zit-<Xmtlti^i^i:^i.X\^^?>t>^. 

[0 0 17] ^zxmj&xit. m^m^iMti. L^ci^tN 

7^;^^ffll/^fcX-Mn'g'^ (X = P t , P d, Ir, R 
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5 ^'"i/* 



h. Ru, Os) *sa@«^i!&tJ^TV^So 
[0 0 18] a^j^TC^^^^-t^X-Mn-g^^^RSS 

[0 0 2 0] L.;6^L3^^;6^^. X-Mn-^^ (XJiS^ 

[0 0 2 11 *^P.e{^-hl5t;^5^(^P.M^fi?*i-57ti>60 
[0 0 2 2] 

IBRSS^ttgfi. d/V^< ^ tiTti^X (fcfcLX(i. P 
t, Pd, I r, Rh, Ru, O s <D 9 t?V^Ttt;6^ 1 81 

*/c(i2ai^±<:05t;^-Cfo5) t Mn ^ ^^^^i-^R?^ 

[0 0 2 3] pt;:i*^PJT'(l. S^Ktu^X^^ 

[00 24] *^PJT*J1. SufS^?S^ttJiO/>7^^ < ^ t 
[00 2 5] ^/c*:^0^T'(^. tulES^^^ttStiX— M 



< . ^(o^^k. m^wMmsEm(oi(it=^'mi a , c <z>it c 

/a{i. 0. 9 3 — 0. 9 9(Z)tBffl[^T*fo5r i:>65$?^ 

[00 26] $ h\z.-^w^R'^\^. m^mm!&m\t^ x 

— Mn^X' (yc;^cLXf:i. Pt, Pd, I r, R 

h, Ru, O s<D5•tv^-fi^^>lffi^yh^;i2aJ!^_b05t; 

mX'fc^) T*?FM^tL. mJlBX— Mn— X' -g^^f^. 
mx^Mn ^T-^^^n.^^Fm^O|5trB^tC7C^X' 

[0 0 2 7] X-Mn-g^^lC. SAMfc^l/M^I^MO 

3SKttS<h LT^VN^iX-SX—Mn— X' '^'t&cO^c^X 
fiP t ^;6^?^LV\ 

[00 28] ^fc^^P^T'ii. fiulSTcmX' N e , 
Ar, Kr, Xe, Be, B, C, N, Mg, Al, S 

i, P, Ti, V, Cr, Fe, Co, Ni, Cu, Z 
n, Ga, Ge, Zr. Nb, Mo, Ag, Cd, I 
r, Sn, Hf, Ta, W, Re, Au, Pb, mi^^ 

±Wom<r> 5 % 1 «*fc*i 2aJ|^±<07c^T*fcS r h 
$?^L<. J;«9&^b<(l. tulS5t;^X' (1. Ne, A 
r, Kr, Xe(Dp-^ia*/cf^2ffi^±<7)7u^T'^ 

So 

[0 0 2 9] ^fc:$:^0^T-f^. mj|S5ti*X' co^^itfi 
at%T\ 0. 2 — 1 0(7)®iartr'^5C^7i)SJ?*b 
<. <J:!9»*b<*^. 0. 5'-5(7)®iaF^T**>5o 
Jc:*5IK-CJl. 7c;^X^Mn i:com^Ktt;<DSi]-g^X :Mn 
4:6 — 6: 4<7:)®Ili^Tfo5::^;65^??^Lv\ 

[00 3 0] ±iacD J: 9 {-^ Tc^x' coa^lt^^SjE 

[0 0 3 1] %fz.im.mx*\t^ mt^^^m^mt^. x- 

Mn-^^ (/c/cLXf^s Pt, Pd, I r, Rh, R 

$nT*5»9. X-Mn-g^^(^XOm^Jt(ia t %T\ 4 

[00 3 2] %fz.i^W^^X\^. m^WJ^W&Mi^^. X- 
Mn-X' (/c^cL. XCi. Pt, Pd, I r, R 

h, Ru, O %(O0-h\i^-fM^\m%t:-\'t2'mj^l.<O^ 
^r•$>!9^ X' it. Ne, Ar, Kr, Xe, Be, 
B, C, N, Mg, Al, Si, P, Ti, V, Cr, 
Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, N 
b. Mo, Ag, Cd, Ir, Sn, Hf, Ta,W, 
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6 A'-i/* 



Re, Au, Pb. fi:TJ«*±li7C*<0 5 *>1 a* fcfi 2 

H-X' (Omf^M±ei t%X\ 4 7-^5 7 (DVSM^Xh^ 

[0 0 3 3] ?t^^b\ X-Mn-a^r^OXcoia^it. ^-5^^ 
fiX-Mn-X' -^-ifeCQX + X' Offij^feJttia t %T\ 

[0 0 3 4] ^fc*:BPJT*f^. SutB^5^att@;6^\ X- 
Mn^ik (ycfcLXfi. Pt, Pd, Ir, Rh, R 

$ttT*5t). X-Mn-g^^cOXcom^itfia t 4 
4 — 5 7cD^ISl^'Cfo5C^;d>&4LW\ 
[0 0 3 5] SfrSKSS^tt®:*^. X— 

Mn~X' (fzfcl.X' fl. Ne, Ar, Kr, X 

e, Be, B, C, N, Mg, Al, Si, P, Ti, 
V, Cr, Fe, Co, Ni, Cu, Z n, Ga, G 

e, Zr, Nb, Mo. Ag, Cd, Ir, Sn, H 

f, Ta, W, Re, Au, Pb. R7y^±m7cm(D v 

R^mi^:ib^mmikm<DT\^Wm^t\^X:iS t) . x— M n 
— X' 'g'^OX + X' (Dmfi^itita t%X\ 4 4 — 57 

X commit. fc5V^^iX— Mn— X' ^^COX + X' <D 
Sa^Jtfi a t %X\ 4 6 — 55 (D^MP^Xh^ 

[0 0 3 6] ^fz:^mMi^. <^:^J:< th^mx (fzfcL 
Xfi. Pt, Pd, I r, Rh, Ru, Os05■bV^-f 

±i:'^mt't^:Lt^m^t't^h(DXh^o 
[0 0 3 7] :^mmxi^. mmm^m^^x . 

^eS^liS^X—Mn-^^T^^^^L. Ki^Xfi. Pt-C 
S?S^14ii«^*&T-^^a, cCDitc/a^. 0. 9 3 — 

0. 9 9 <o®fflrtJe:i-5r^;ds^i]P4bv\ 
[0 0 3 8] ^ti:^^mxi^^ mmR^m^i:. X— 
Mn— X' {fzfdl.XU. Pt, Pd, I r, R 

h, Ru, O s 0 5 *>V>-m7&^lS*/tJ^ 2ffi«±<^7c 

^T'fe5) XJf^^l^. SaiaX— Mn~X' ^^it. 5t;* 

x^Mn <hr'it^^ix5^r«m^co|5f:r^Ttcxi^x' 



mjfSS^^^ti^^ LTffl\/^^tl.5X— Mn— X' 
^OTc^Xt^P t r*fc5^^;6^0^L\.\ 

[0 0 3 9] -ifc^^mXi^^ huIEtc^X' (i. Ne, 
Ar, Kr, Xe, Be, B, C, N, Mg, Al, S 
i, P, Ti, V, Or, Fe, Co, Ni, Cu, Z 
n, Ga, Ge, Zr, Nb, Mo, Ag, Cd, I 
r, Sn, Hf, Ta, W, Re, Au, Pb. Rrj^ 

i?^L<. J;i9i?^b<li. mm7t.mx' Ne, a 
r, Kr, Xe<r>^him^ti{'±2m&.±<D7umXh 

[0 0 4 0] ^fc:$immxi^. mmyrimx' OM^feltJ^ 
a t%T% 0. 2-1 OO^HF^T-fe^r ^;dS*f^l. 
<. J: «9i?^L<t:i. 0. 5 - 5 (0®lirt-Cfc5o 

[0 0 4 1] ^^hiz^^mxit. TtrnxtMntcom^ 

^(Dm^X :Mnfi. 4:6 — 6: 4(DmmP^Xh^:^ 

[0 0 4 2] /^*5*igp^r*(^. mmK^m^m t L^xm 

[0 0 4 3] J^±(D j; 9 bT^^^^ih./cJsmJS'g^fll 
[0 044] ^-f :*:^0>gtC*5tt:5 i/>'^y^;5?: 

mi±mmm^^\^xm^^tifzyv-mikmt. mmy 

J: t) ?f^^ ^ ixT V ^ 5 r ^ 5|r#m <t "f- ^ t> <:o T'fe -5 o 
[004 5] ±mi^ly^;v>^\fl^^<;v 

y^^^Tw(Dfi^mi:m^xR^m&mf)^mm.^fh. suie 

[004 6] ^/t:$:^0^{c:46Jt^7='rLT/^;^ t'^^/^/wy 
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10 0 4 7] $?>i^*:^0^{Cjotj'5AMR^^It. 

[0 0 4 8] ^tz:$:^m\^:^n^Mf^n.^y m 

So 

[00491 *:^PJT*(^. «?iJ;t(t-BuiB^^ffifiia^^^ 

10 0 5 0] ciixtcj:*^. m^i^^\^±X^^tth 
:itt^^mtfj:^x\^^^o 

[0 0 5 1] ^fc. 3i^>?.^^>e;?/-<^r>^::^^t;::J: 
mx;h^o 

[0 0 5 2] 

[%9>^<7)^j£(^m^i 12 1 *^0^com 1 mmmmM 

[00 5 3] r(7:> v^^^^Vi-;^; t'^^^-^/i^y^^^SI^'T-il. 
[0 0 5 4] Iill<DStTi-?B^^i^TV^S<DfiTa 

@^^tt^3. i^xx)^R^m^m4:^mm^tix 

v^So -^LT. mjl5^5fiattii4(7:)±tc:Ta (^^-i^ 

M tj:t*<Di^mm7 7^mfS.^n.x\^^^o 

[0 0 5 5] SfclHltc^i-J: Tifeii6 7ii^b(^ll 



m7^x(Dem<omimat. ^^-hvwT;?^B5, 5;6s 

8, 8;6^^S;i$i^TV^5o 
[00 5 6] *^PJ'T?titfrf5:7 V -atte 1 *3 
^tt^S;^)^ NiFe-g^^. CoFe^^. Co^^. 
Co. CoN i F G^^fj:tlcX^]fif$.^^X\^'^^o 

[0 0 5 7] ?i*5lgl 1 ic^-r J: 9 \cy v -m^m 1 

mxwm^fix\,^^i>K ^M^^mmi^xm^^Hxi, 
j:v\ ^) . mmy v -m\±m i ^jx.(iN i f e 

J:v>U N i .Fe'&t&tCo^;&s®g$ttyc«ig-r'*>J: 
[0 0 5 8] mJlE:7 y -^ttJi 1 ^@^^tt^ 3 tcom 

y^—h*y<^Ty^m5, 5*i. «?iJxf^Co-P t 

->5^nix-a^) 'g^:&/.e^'T*?F^^^tLTjo9. mmm 

8, 81^. Cu (i^) -^W (^^^lify^'Tly) . Cr 

[00 5 9] :$:^mXi^. m'^m^m 3 cD±iC?fM^ 
TV^:5K§^a^4g4^:i. ii'^/.^ < <b tx;^X (fcfcLX 
Ft, Pd, Ir, Rh, Ru, O s 5 't>V^'f tt 

[0060] *^0>gT-f^. HI 1 \Z7r:i-m'^m^ 3tR 

mmim 4 1 (on^mm^t. ^rn^^m ttj:^x:isy). 

[0 0 6 1] rrT% L lo^cO®.il^iE*-*&^i:(^. * 
P t, Pd, I r, Rh, Ru, Os) ;ei5d&ie>. ¥{4^ 

[00 6 2] ^fc*:^P^T*(t. H^^ttS 3 t^g^^tt 
g4,!:<^^gB%K^S3;^iSS*oTV^Sr<^::^s. 0^^148 3 

[00 6 3] la 1 {C7jk-riy:^'^^i^y<^^y'MMB^'=FX 

(i. TaCDTMlB6;iiSifcV^Tfc50T% t&iET*g6tfO 

±tc:?f^^^;n.5:7y^^ttgi, ^^tt^li;S2. *5ct 
T>*@^«tt^3 60 {111} flf®tC»LT¥?t?:^ 

[0064] u mmm^mitm 3 jitc^^j* 
^^^R^m^m4(D {111} sufss^^tts 

3 CD {1 1 1} fficDifif^^tci;b-<T/h$V^:6\ fe^lMl 
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[006 5] :^^mr-nm^mm(D^m^ib. mmmn 

[0066] mv^^x.n(^. ^mmit:dm^^mi,ch^ 
[0 0 6 7] mm^m^mMAit. X— M 

n-&^ (/cfcLXii. Pt, Pd, Ir, Rh, Ru, 

O s o 5 ^)V^TtL?if^ 1 a^fct^ 2 

xmjs,^tixi^^. m^^^mx^^. mt^si^mim4 

[0 0 6 8] X-Mn-g^^. P t Mn-g^^ti. t^^Jfe 
t)^ibR^t^mi^Stl^Xmm^nx\^^^FeMn^^^ N 

^>'=^>':/^tH<. ^h\Z^tS^m:^i±mn (Hex) 

[00 6 9] ^^mxa. fluieS^attS 4 ;dSP t Mn 

Ktt^4 0*&-^^Sfca, c60itc/a(i. 0. 9 3--- 
0, 9 9C0^Hr^T*foSwi:}dW*UU\ 
[0 0 7 0] *&^^ifi:a, c<7)it c/a:ei^*0. 9 3 J^T 

[007 1] ^^^^a, c(D]tc/a;i550. 9 9JeA± 

jc/i^^:. mmR^m^4(Dmffmmm<Dm^±x7b^^ 

[0 0 7 2] t:L^XmmR^m^m4:^K X—Mn^ 
^ (T'cfcUXfi. Pt, Pd, Ir, Rh, Ru, Os 

[0 0 7 3] mfl5g:^®tt®4;d^ X-Mn^^ (fc/c 
bXfi. Pt, Pd, I r, Rh, Ru, Os(Do^\^^ 

^^t^imiifz\'X2mu±^(D7mxh^) xw^^^th^ 

3(7)±tC?FM^tt^:^'g'. X-Mn^^(D5r;^X(7)m^ 
ItJt a t%T\ 4 7'-5 7(7)g5fflF^-r'fe^:: ^^W^U 
V\ J:'9»SL<tiX-Mn'g'ikt7>5ti^Xc7)M^it{ia 



t%T% 5 0 — 5 6 0®H|:^Tfc5o 
[00 74] _b3ZE bfca^itf^T-^e^^ttil 4 ^ff^^i- 

V>SS|i&-eoStFl5S3S?^ttS4<^3K^:^»a:. 

S3 0*&-7-^^<t(^M^::^^<'t-^w^;dST-#. f^oT 

[0 0 75] ^(D^mxm^^m^mtt. ssssssatt 

f$.lti)^ a t %X\ 4 7-^5 7(Dm.m^Xhht. 400 
(Oe : :r.ju:;^y^^y K) UJl±(D3?tfeS;^tta#Sr#S ^ 
t;i5-prtg-efc;5^ ^fcX-Mn-g^^OTC^XcDffl^Jtti 
a t%-T?. 5 O'-'S 6 0|51SP^T*fc5<b. 6 00 (O 

[0 0 7 6] r (Oi 5 (-*^P>^T*(^. ^^m^m 4tL 

xx—Mn^^^i^mi^Tzm^. 7Lmx(Dmf$.\t^±j^ 
lE^ssetts 4 ^ B^^'fts 3 1 (D^mmm^$^m^^ 

[00 7 7] ^fc:$:^P^T'it. X— Mn^^lC, ^37^ 

mti^xizmx' ^mMi-^zt\zxfo. ^^mmm4 
4 ^ H^^ttM 3 1 <o^^mm^$¥m^^m\z.'r^ z t 

:d>^mxh^o 
[00 7 8] X—Mn^^\ZycmX' ^^JPx.fcX— Mn 

— X' ^^n. 7zmxtMntxmf^^th^^m^^(D 
mmiz^mx' :^mxi.fz.mxmmmi^x^v ^ fo^u^ 

fi. ytmxtMntxm^^in^f^ffB^^(D^^M.(D-' 

^mx' [zmm^fhtzm^mm^v^x-h^o 
xmmw-t\±. }j:\^m^mM\^t>tz-DX. i^-tc^^^^^ 

TC^Xf^P tX:h^Z,ttm^\^\^\ 
[0 0 7 9] tZ.^Xi^^mX\-tmUX~-Mn—X' ^ 

T. ssiax— Mn— X' ^^\^4¥w-m^mx^m:'^fi^ 

^ll^ixfcX— Mn— X' ^^{-t^ m^o:>^mX' 

T^mxtMnt xm^ ^ix^?Rm^^<Dm.m t^m a 

fo-SVMi. TzmXtMntXm^^tl^f^^B^^CO^^ 
TC^X' X—Mn-g^^cO^&^CHSASItr^fe^VNfiM 
^^tt^ 4 <^*&^^®:*^. 5c^X' «rS^PL/^i/>:^^trlt 
[0 0 8 0] ^tz^^B^Xi^. Tzmx' ^Lm^/^TC 

mi:^mir^:^tt^-^mx'h^^^. Rit^(o^\^^y^^^ 

ft:6t)?'c^7C^X' fi. Ne, Ar, Kr, Xe, Be, 
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B, C, N, Mg, Al, Si, P, Ti, V, Cr, 
Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, N 
b. Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, 
Re, Au, Pb. &X}^^±m7t.m (Sc, Yt^^-^ 
y-TKCLa, Ce, Pr, Nd, Pm, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) ) 

[00 8 1] ±1^{^^i.fzm^^J:yr,mx' OV>Ttb^^S 

if:^<0^^::^7tM (Ne, Ar, Kr, Xe(^)5*3lSI 

^^:^t l.X^Mt^h^y<^y^mS:P^\^mA^n^:^:^ 
[0 0 8 3] flUtd^ Tc^X' \^:^y^l^(D^m^^m\^t:i 

mMm:i±^ <x-^^:Lti)mmzi^K^mm^nx\^^ 

ho 

[0 0 8 4] fl:^^WnX\-t. ^mX' C0ffi^]tcO®H 
^^mLX:}S^. »^H/^tutB5c^X' (^)*l^®ia(i. 
a t%-CO. 2;&^t 1 OT'fct). J: ^? if * U< at 
0. S^^bSXhho ^fcrott. TC^X^M 
n tt^m^itOSJj-g^X : Mn(t. 4:6 — 6: 4 CO^SH 

tMnt(Dmf&i:t<OW\^X : MnS:; ±l5®fflf^T*^S 

^^SKii^ 4 ^ m'^m&m 3 ^ (d^bt'^^-t^^^^ss 

[0 0 8 5] $btC*^P^T*(t. X-Mn-X' 
(tLtil.X\t. Pt, Pd. Ir, Rh, Ru, Os(D 

^h\^^-rM^im^fzi'±2m&s±<D7t.mxih^. x' 

(i. Ne, Ar, Kr, Xe, Be, B, C, N, M 

g, Al, Si, P, Ti, V, Cr, Fe, Co, N 

i, Cu, Zn, Ga, Ge, Zr, Nb, Mo, A 

g, Cd, I r, Sn, Hf, Ta, W, Re, Au, 

pb. Rxi%±m7^m(Dohimt.tz{t2m^±(o^m 



iCl, @^«ttS3cD±(C?i^^^jx:5«-&. StilSX-Mn 
-X' ^^<DX-^X' COjia^itlia t%X\ 4 7-5 7 

<Dmmp^xhhzt^m^i.<. <tt)if*L<fi, X- 

Mn— X' ^^(DX-bX' (Dffi^ltfia t 5 0 — 

5 6(Dmm\Hxhho 

[0 0 8 6 ] m^m^m-r^^ti^c^^xR^mi^mAt 
it^tim'^^tiho ti::^. R^mim4 ti^xmm^ti 

5X— Mn— X' ^^(05vmx' t>mx.ii:^:^Jk<07zm 

X' :^m^:^^(Dm^fttix. )$.m^riti^mx(o^mx' 
(Dmf$.\tx^t. mmm'iko)^mx' (omfi^Mt^h^K 

tj:^. fe5V^^t^:^^CB^IfSX' tm^:^>(bmnti!i\^XL^ 
^oT. m^;5SX->Mn{::7fcoTb^5^i:J6SfcS;65. 

[0 0 8 7] *fc:7.y -mim 1 -^t^^f^ftijfw^f^^^ 

[0 0 8 8] in 1 tC:^i-i/>'>>Vu^ \i^>'y</uy^m.MM^ 
^T**i. 8 #^a£tt»mg2 

43j;t>*@^^ttM3tc^^m»^ 

:7 V —mi^m 1 com{b;^f^:65x;^f^:6^^ Y::^f^--r^ttT 

[0 0 8 9] m2n. :^^m(om2mmMm<Diy>^i^ju 

2{c^'tX^{::. Tt^ibTmrne. K?tattg4. @^ 

10 0 9 0] /^*d\ (D 2 iC^-TRSS^ttS 4 (i. 1 
^^•£5*^-14^4 ^I^CI^jC. X-Mn-a^^ (/cfcUX 
Pt, Pd, I r, Rh, Ru, O s(Doh\^^Tti 

:^^im'^ti\t2m^±(o^mxhh) . »^b<(^pt 

Mn-a-t^k. *f:i{±X— Mn— X' -g^^ (/bfcUX' fi. 
Ne, Ar, Kr, Xe, Be, B, C, N, Mg, A 
1, Si, P, Ti, V, Cr, Fe, Co, Ni, C 
u, Zn, Ga, Ge, Zr, Nb, Mo, Ag, C 
d, I r, Sn, Hf, Ta, W, Re, Au, Pb. 

5) xmj&^tixy^^ho 

[0 0 9 1] fj:^. m'^m\mzs ^«'t4#m^2. 
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[0 0 9 2] rco^js«(-*5v>T*>. m'^mitms tR 

[0093] SfcT a COTffiS 6 CO±tCff^^$;^t:rcffifffi 

S:^?KttS4 0 {111} #®t::^tT?S*'f^tc^ 
{111) ®<o^®;^f^t;i*|"f SSBf^Sflx mm^^m 

i5S3*^^tt^ 4 ^ m^mim s t (om^B&i^n^^j^ox 

[0 0 9 4] ^:i^T% K5S^tt^4;iSX— Mn-g-^ 
(7tycLX(:i. Pt, Pd, Ir, Rh, Ru, O s (D 

n ^^<D7tmX<Dm^btit a t %X\ 4 4 5 7 

f^T*^5C<t;5W* LV\ ^(7)^Hp^-CfctL(^. 4 00 

(o e ) }^±(o^^m^i^mn'^n^ r ^ :b^-^mxh 

6 0 0 (Oe) i!^±03c^S*-tt^i^^#'5r<t;i>^ 
[0 0 9 5] ::<oj:9J;::±a!L3tM^®ffll^T-fcSi:^ 

[0 0 9 6] m'^xmmm^mi-:iti,cx^ . ^mK^ 

[0 0 9 7] l^fzM^mmmAii^. X— Mn— X' 
(fcfcUX' (i. Ne, Ar, Kr, Xe. Be, 
B, C, N, Mg, Al, Si, P, Ti, V, Cr, 
Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, N 
b. Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, 
Re, Au, Pb. RXl^±m5zm(Do-ib\miifz.\^2 
W.^J.±.(D%mXh^) Xl^^l&:^^^m^. tiJiBX— Mn 

— X' ^^n. :^y<y^mz^^xm^-^^. ^mxt 



[00 9 8] Ttmx' i:m^Kt;^'t^sMm^m 4 <o 

[0 0 9 9] /c^:iB*:^P^T-fi. m^\z^}b^7mx' (D 
ffl^it^. at%T\ 0. 2'-l 0(7)$5HP^i: J: 
*f*Ul/>M^^ffl*a t%T% 0. S-StD^fflrt^L 

(il. yx^^XtMii t(Dm^):t<om'^X :Mn^. 4 : 6 

[0 10 0] ^fz.:^^mx\%. m2\Zfr^~t^0\z^ X— 
Mn— X' 'g^4kT'?F^^$iL/cK5^attJl4;ii5@^a't±M 
Z(DTm\Z.mjSL-^fl^m^^ X— Mn— X' + 
X' OM^itfi. a t%T% 4 4 — 5 70^HrtT-fe5 
r J;fP»*L<{^X-Mn"-X' ^^(D 

X + X' om^itl;ia t%T% 4 S'-S 5<7)t5Sf^T^ 

So 

[0101] /^jo. 2 {ZTT^-rm-^m^m 3 (^a^i^f^ . 
K^s^tt^ 4 1 (o^mzxm^-r^^m^^m^mz^ 

[i^^Y:;^^p)^c*alE:ft$i^@^$^^Tu^So 
[ 0 1 0 2 1 H 2 J; 5 1-. :7 y -^i^ i (dAl\z 

fix h^^^iJ^*lTw(^raPl^^ttT:iii^;^5^ii: Vv^/^^ 
T;^S9 (SSMettS) tW^fSL^tLX\f^^o /cC*5CCD^ 
^:^^ai>'i;?/WT;^M9(i. X-Mn-^^ (/c^TcLX 
Ji. Pt. Pd, Ir, Rh, Ru, OsCD9■^V^-fH 
;6^ia^fc(i2ai^_b<7:)7t:*TfcS) . $J*U<iiPt 
Mn-g-^. :Sfc(;iX— Mn— X' (iTcff LX' (i. 

Ne, Ar, Kr, Xe, Be, B, C, N, Mg, A 
1, Si, P, Ti, V, Or, Fe, Co, Ni, C 
u, Zn, Ga, Ge, Zr, Nb, Mo, Ag, C 
d, Ir, Sn, Hf. Ta, W, Re, Au. Pb. 

'sai^±m5m<D 5 1 m%fz.{-t 2m)^±,<07mx'h 

S) T*3TM^i^Tl^So 

[0 10 3] X-Mn-^^cO^E^XOm^ltf^ia t% 

X% 4 7~5 7(Z)iSlaP^^7'^oTV^So J:^}fiF^L<ft 
X-Mn-g-^OTT^XcoM^itfia t %T\ 5 0 — 56 

K^im^A(r>m.mxmtm\ix'h^o ^^cx— Mn— 

X' -g-^OS^, TC^X' Ola^ltfla t%T\ 0. 2 
~1 0C0|Elli^T*fcl9. <i:f9*f^Ll/\*m^|St^a t% 
T% 0. 5 — 5(D®HF^T'fcSo i^fz.7tmXtMnt<0 
ffl^ltOfJ^X :Mnf^. 4 : 6—6 : ACDrnmP^Xh 
^::Ltmj'^L^\^\ X-Mn— X' ^^OX + 

X' a t%T\ 4 7 — 5 7(^i5iaf^^/^oT 

V>S^t:dSS:^b<. J:l9»^L<fiX-Mn— X' 

^cox+x' (ou^m^B. t%x^ 5 0-5 6c?:>isiaF^ 
-efeSo 

[0104] ±iE \^fz.mSMmP^xh^t . y ]) -^tt 
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^i^mt^j:^. (^-fj:< th^m\Z,X4 0 0 (Oe) ^± 
[0 10 5] roJ:5(:iL-Cf^^$tb/cv-^^iJ^Vw;^t°^^ 

[0 10 6] msit. ■^%m(o^z%w^m.(oy'=^r;\y 
^j^bxas^ixTv^^o ^e>{-t(ne>^y-i^'itsio 

[0 10 7] ^fc. TiiliM6 75^bi^^^7^TrcO#gai 

[0108] ^^{^[Ei 1 *5 J:TJIil 2 T*i^0>^ UfcW 

[0109] ^3 \z.7r^ir^ 51^. :7 y -^14/1 1 J: 

t'^m^\.<. J:»9»*U<fiX-Mn-g^^CQ5c^X(0 

[0110] *fc. >^ y -WiSEM 1 J: t ±ftiJ{c?f^j^^ 

T^/^5cor^ lai l-^-r^5^K't4M4 irPDHic, buIB 
K5*^tt® 4 ^tS^i-5X-Mn-&^O7t;mX<0*l^it 

<. ct «9$?^L<flX-Mn'g^^C05c^X(^.m^J:btla 

[0 111] :i(7)*a^®0i[^T*fctttf. ift^3gfitric*3tt 

^ n^attg 3 (Di^'^'^WitK^m^m 4 (Dt&^^s ^ 

(Dm^^^<'t^:itt^x^^(DX\ iftte^mif-*5tt^ 



mmRmmm 4 p t m n ^^-x^m^ $ ^ 

^Smj::^^ft5tulE^5i^'tt^4 0lS^^ma, c<D\t 
c/a(^. 0. 9 3 — 0. 9 9 085!af^Tfo5^i:755i? 

[0 1121 *fc. S^JK14®4i:@^^ttM3i:co35S 

[ 0 1 1 3 ] b;rc)S^®ffl(^r-tbJ^. '>?i< thA 

0 0 (O e ) J&(±t7)^^S:;^t4^#^#^ ^ t t^'^mx 
S5^mtiM4^@^^14^3C0TI^?F^^i-^:& 

07n^XO*ljSlt(0®fflS:«^jr:u < i-6 r i: ;5S pjtg-e*> 

[0 1 14] ^ycS5t^ttJi4 75SX— Mn— X' -^-ikX* 

0. 2 — 1 0(OffiiartT^fof9. J:«9iT^bv^|a^t5Ilfi 
at%r% 0. 5 — 5cDi&HF^-r'$?5o ^/c5t;^X,^M 
nt(DU^)^(Dm'^y^ :Mnf:i. 4 : 6 — 6 : A(OmM 

[0115] ^ h\^y V -m^m i^v hrmwcmf^:^ 

i-5X— Mn— X' -g^^OX + X' cO*a^it;*ia t% 

x\ 4 4-5 7(DmmiHxh^:ittm-t\^<. x^m 

^U<fiX-Mn— X' -^^COX + X' (Dm&^i^eL t 
4 6 — 5 5(7)®HrtTfc^p 

[0116] ^fc. :7 y -attS 1 J: "9 h^mn^MfS.^ 

tlX 1/ ^ 5 4 CO:®^. Stj teK^Sattii 4 

i-5X-Mn— X' -a-^cOX + X' om^itfia t% 
T% 4 7-5 7 0®Kl^T*fe6r i:iS»*b<. J:»9iff 
4L<fiX-Mn— X' -a^^coX + X' (Omfifeltfia t 
%X\ 5 0 — 5 6(7)^[ap^T'fo5o 
[0 117] ilEffi^teHrtT^fotttf. ift^3gSij(c:iolt 

(Dm^±^<'t^:Lt:^^x^. mMmm{z:^i.'f^n^m 
m^0m^^m{zir^:ztti^x^. ^^^xm^m^mi- 

^j:MWm^i^mm^'^^:zt:^^^'^mxh^o 
[0 118] /^:fcr(7)x^r>'U';^i:''>'/Vi-:7'M»flI^-?- 

mmt. />-hvW7'>^M5, 5co|JS^S:itT|gl7j^X 

[0119] mmm a^^^byv -m\tm i . #^i4^m 
^2 4B<tu^@:£KttJi3tc^sm«;6s-^x.en. LT^^t 

^^tti^m^ 2 i y -m&,m i ^ 

itmrnm 2 ^ a^^tts 3 1 <D^mx:^ l/l 
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[0120] /.^jo. [gii*5J:t)«ia2te::^i->^>'^V^;^t' 

i:m:i'tmm:^K $¥m^mmm 2tyv -m&m itco 

mammm 2 <Jr @^®t^g 3^02 mmo)^m(Dn 4 m 
[0 12 1] iii4f:i. :^^m(om4mmmm(DAMRm 

T:^^^©cmt4S (SALil) 10. ^m^m (SHUN 
TS) 1 K :^^X^mmm,m (MRM) 1 2;&Sigjj^u 

[0122] «?yx«MfB®:^ttg 1 0 F e -N i - 

N b-^^. 0mi^m 1 in. Tarn. mmMm.m 1 2 

fi. N i F e'^^KXy)mf$.^iVX\^^^o 

[0 12 3] wmmnMifcm 12 (o±\a^. vyv^m^ 

9, 9:d5ff^^$ix. Suffix 

m^^flfzMmmi 3, 1 3;5S^^$i^rv^-5o 

(0 12 4] mA\^7r^ir=^^ :^^:^iyiy^<>(T:^m^, 
9(1. iii2{c^i-^i^;^^ai>'v^/<-f r>^M9, 9^1^ 

tVT:jB«9. X-Mn^:^<;)x;^XcDm^lt(la t %T% 
4 7-5 7(7)g£[S^^^7:^oTV^5o J:'9i?^L<tiX- 
Mn-g^t&t^TC^Xi^^m^lttia t %T% 5 0 — 5 6 <D$5 

[0 1 2 5] ^fciSfjf5^^;^5^3i>v?/<-rT:^M9, 9 
Jl. X-Mn— X' (fcfcLX' fi. Ne, Ar, 

Kr, Xe, Be, B, C, N, Mg, Al, Si, 
P, Ti, V, Cr, Fe, Co, Ni, Cu, Z n, 
Ga, Ge, Zr, Nb,Mo, Ag, Cd, Ir, S 
n, Hf, Ta, W, Re, Au, P b , ^i;^#±^7r; 

m<oo'himi^f^\±2m&.±.(07mx'k^) r-^i^^sn 

X^K). Tt^X' OlliTgJtti. a t%T\ 0. 2 — 10 

o®Hf^T*fot)> J: t^^if*bv^m^tala^la t%x\ - 

0. 5-5(7:>S5iaf^T'fc'5o *yt7C^X^Mn t(7>^ 
it<^t"J'g^X : Mnfi. 4:6 — 6: 4<0^fflf^'Cfo5r 

tm^ bv \ ^ fdiE] 4 {d^-r^ ^ ^ > v^/<-r r ;^ 

^9, 91^. m2\z.7T^^=sL^ :^^:r.:^i:^y<-<T^m9, 
9tWm\^. X-Mn— X' ^^(OX-^X' <Dm^itfl 
a t%T\ 4 7 — 5 7<Dta|Sl^t/^oTl'^5o J: ^ ^ 
L<(^X-Mn— X' ^^COX + X' <DmsSilt\^s. t% 
-e, 5 0 — 5 6(7)$ElSrtTfc'5o 



[0126] JEJliX— Mn'a^^fc5V^^±X— Mn— X' 
;^^3i>'v^/'<>f r:^ji9, 9tm%&^12t<0^^ 

i F e^^commmsimi 2(omm^2o 0-30 

l^^y. |.n— A(7:):^^fi, mj|2#®(CT,1t^4 0—110 
(Oe) o:>^^m:-^^m^tmh^. NiF 

e ^^(ommmnm<omwff^. »^ 2 0 0 h n- 

60-110 (Oe) CO^^S:fe-tte 

IgI4{c^i-^^}g5iSl 2(DB^^:eiS. HJ 
leK^SStSi 2OA«i«cO^ffc:;0^1]^x:^|p)(;i«l^?> 

mmmio\cx')5^\zj^M^f\.. 
wm'&miot'^hfz.h'twm^%:^^^f\^^-\^x.^. m 
^mKmi 2(OKmm^^y<Hry^mwt^Y')3\^\^^'-z. 

Sigi 2(OA.w^(om^m\L\z.n^^m\m.vc mmk 

[0127] l5^iK#:0^»*-|^fiZ *-fS]r-fo *9 . 

Y::;^f^t;i^lti«#;65#;tbtb^^. e^SKgi2coA 

[0 12 8] jeAJii¥5&ufcJ:9t;i. *%§^-eii. 
tiJi4 (fe^v^^l3l>^;;^^3l>'"^/<-^' r;^ii9) ^x- 

Mn-^i^ (fc/cbXIi, Pt, Pd, Ir, Rh, R 
u, O s(D9^)V^-rtu;^^^la*fcf:i2ffiJ^JLc07t;^T•fe 

5^miS4 0M^Jt^iltt(::lifn-r5r ^tcj: t). futS 

S^^tiSs (fc5v>f^:7i;-attSi*;rcii^^ffifeL 

^12) ^(^#®«it^^g-g^<^^,^-r5:i<b7:>^T-t. 

^^^^^tijl4 (fe5v^^irc::5';^^3l>'v^/■^^r;^^9) 
^7£^X^MnJ[^^t;i. mSx;^-^ LTxi^X' (fc/c 
LX' (1. Ne, Ar, Kr, Xe, Be, B, C, 
N, Mg. Al, Si, P, Ti, V, Cr, Fe, C 
o, Ni, Cu, Zn, Ga, Ge, Zr, Nb, M 
o, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, 

Au, F\>^ mi^±m7m(n>o^im^fz.\^2m^j.iL 

<'r^:itt*^xt^(ox\ mmsi^m^m4 1. ^(om. 
^m^m4hm\.xwM^^^m'^m\m3 (fc^vNji 
y V -m^^m 1 ^/cfi^Mffitaii 12)^ (D^mmm^ 



iH!pBl2000-031562 



13 



1 0 1 2 9 1 -^fz^mmm^^m^^mt lt:Jo< ^ t 

i^zmmi^x\^^^ z. tmj-^ m^i-ftm^^i^m^km 

BUlBS5fiattS4CO*&^^^»a, c(Ditc/afi. 0. 
93~0. 9 9<7)t5[lP^T*fo5r ^;65$T^LV^ (-^^i^ 

^:e^a, cC^Jtc/afiO. 9 18T*fcS)o 

[0 13 0] a^ffiSt^m^-T-^co 
t»3t^[g| 1 -HI 4 tc^-r^atdPS^-f^ 43 0T-f^/^l'\ 

1 (DTimz h "7 <^'mT ^^(Dmmi^ mi- x::^^ y^'^ 

[ 0 1 3 1 1 H 5 fi. 1 :«i^ib04 tr^-r^^Sfet?^:^ 

(on^'^mt^h%fz^wmx-h^. m^^o\%^ myL\'i 
N i Y Q^^fil^xi&^^Mz^Wy-^^^Ymx-^^ ^ 
r OTIfPi/^/v- KJi 2 0 coJilcTg|5=¥'V y :7'^ 2 1 

t^hmAxzir^-tmrnrnm^m^^m 2 2 ;5s?g^$nT*5 
. ^ h\zmmmmm^n=^m 2 2 <^ Itcji. ±^ 

[0132] HtrtaTg|5=¥-v y'fm2\ m^^^z^^^ y :/ 
Ii2 3fl. ^J;if^S i 1 2O3 (T/i-^-^) 

'V^^^v':fm2\-b^^lM'^.^y':fm2 3-^X(n> 

[0 13 3] 

I 0 1 3 4 1 WmiS.li LTH. T?i>-b S i SS/Tyu^ 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the switched connection film with which an antiferromagnetism layer and a ferromagnetic layer touch, 
and are formed, an exchange anisotropy field occurs in the interface of said antiferromagnetism layer and 
ferromagnetic layer, and the magnetization direction of said ferromagnetic layer is carried out in the fixed direction 
Said antiferromagnetism layer is Element X (however, X) at least, the inside of Pt, Pd, Ir, Rh, Ru, and Os — any one 
sort or two sorts or more of elements — it is — the switched connection film characterized by having been formed 
with the antiferromagnetism ingredient containing Mn and making the lattice constant of said antiferromagnetism 
layer larger than the lattice constant of said ferromagnetic layer. 

[Claim 2] Switched connection film according to claim 1 with which a part of [ at least ] crystal structures of said 
antiferromagnetism layer serve as a face-centered square superlattice of L10 mold. 

[Claim 3] It is the switched connection film according to claim 1 or 2 whose element X said antiferromagnetism layer 
is formed with a X-Mn alloy, and is Pt. 

[Claim 4] said antiferromagnetism layer is formed with a PtMn alloy — having — the ratio of the lattice constants a 
and c of said antiferromagnetism layer — the switched connection film according to claim 3 whose c/ a is within the 
limits of 0.93-0.99. 

[Claim 5] Said antiferromagnetism layer is a X-Mn-X' alloy (however. X). It is formed, the inside of Pt. Pd. Ir, Rh. Ru. 
and Os — any one sort or two sorts or more of elements — it is — said X-Mn-X* alloy Switched connection film 
according to claim 1 or 2 a part of whose lattice point of the crystal lattice which consists of elements X and Mn it 
is the interstitial solid solution by which element X* trespassed upon the clearance between the space lattices which 
consist of elements X and Mn, or is the substitution solid solution permuted by element X'. 

[Claim 6] The element X of the X-Mn-X' alloy used as said antiferromagnetism layer is switched connection film 
according to claim 5 which is Pt. 

[Claim 7] Said element X* is Ne, Ar. Kr, Xe, Be. B. C, N. Mg. aluminum, Si. P, Ti. V. Cr, Fe, Co, nickel. Cu. Zn. Ga, 
germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta. W. Re, Au, Pb, and switched connection film according to claim 5 or 6 
that is one sort or two sorts or more of elements among rare earth elements. 

[Claim 8] Said element X' is switched connection film according to claim 7 which is one sort or two sorts or more of 
elements among Ne, Ar, Kr. and Xe. 

[Claim 9] The presentation ratio of said element X' is switched connection film according to claim 5 to 8 which is 
at% and is within the limits of 0.2-10. 

[Claim 10] The presentation ratio of said element X' is switched connection film according to claim 9 which is at% 
and is within the limits of 0.5-5. 

[Claim 1 1] X:Mn is switched connection film of a presentation ratio with Elements X and Mn according to claim 5 to 
10 which is within the limits of 4:6-6:4 comparatively. 

[Claim 12] It is the switched connection film according to claim 1 to 4 which said antiferromagnetism layer is formed 
with a X-Mn alloy, (however. X is any one sort or two sorts or more of elements among Pt. Pd. Ir, Rh. Ru, and Os). 
said antiferromagnetism layer is formed on the ferromagnetic layer, and the presentation ratio of X of a X-Mn alloy 
is at%, and is within the limits of 47-57. 

[Claim 13] Said antiferromagnetism layer is a X-Mn-X* alloy (however. X). They are any one sort or two sorts or 
more of elements among Pt, Pd, Ir. Rh, Ru, and Os. X* Ne. Ar, Kr, Xe, Be, B, C. N, Mg. aluminum. Si, P, Ti, V, Cr. Fe, 
Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W. Re, Au, Pb, and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — the switched connection film according to claim 5 
to 1 1 which it is formed, said antiferromagnetism layer is formed on the ferromagnetic layer, and the presentation 
ratio of X+X' of a X-Mn-X* alloy is at%. and is within the limits of 47-57. 

[Claim 1 4] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X' alloy is 
switched connection film according to claim 1 2 or 1 3 which is at% and is within the limits of 50-56. 
[Claim 15] It is the switched connection film according to claim 1 to 4 which said antiferromagnetism layer is formed 
with a X-Mn alloy (however. X is any one sort or two sorts or more of elements among Pt, Pd. Ir, Rh, Ru, and Os). 
said antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, and the presentation ratio of X of a 
X-Mn alloy is at%. and is within the limits of 44-57. 

[Claim 16] Said antiferromagnetism layer is a X-Mn-X* alloy (however. X*). Ne, Ar, Kr. Xe, Be. B, C. N, Mg, aluminum. 
Si, P. Ti, V, Cr, Fe, Co, nickel, Cu. Zn, Ga, germanium. Zr, Nb. Mo. Ag. Cd. Ir. Sn, Hf, Ta. W, Re. Au. Pb. and the inside 
of rare earth elements — one sort or two sorts or more of elements — it is — the switched connection film 
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according to claim 5 to 11 which it is formed, said antiferro magnetism layer is formed in the bottom of a 
ferromagnetic layer, and the presentation ratio of X+X' of a X-Mn-X* alloy is at%. and is within the limits of 44-57. 
[Claim 1 7] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X* alloy is 
switched connection film according to claim 15 or 16 which is at% and is within the limits of 46-55. 
[Claim 18] The antiferro magnetism layer which contains Elements X (however, X is any one sort or two sorts or 
more of elements among Pt, Pd, Ir, Rh, Ru, and Os). and Mn at least. When it is the manufacture approach of the 
switched connection film which joined the ferromagnetic layer and said antiferromagnetism layer and ferromagnetic 
layer are joined By heat-treating by enlarging the lattice constant of said antiferromagnetism layer rather than the 
lattice constant of said ferromagnetic layer The manufacture approach of the switched connection film 
characterized by enabling generating of an exchange anisotropy field by the interface of both layers by making the 
irregular phase of the crystal structure of said antiferromagnetism layer metamorphose into a regulation phase. 
[Claim 19] The manufacture approach of the switched connection film according to claim 18 which uses a part of 
[ at least ] crystal structures of an antiferromagnetism layer as the face-centered square supeHattice of L10 mold 
by said heat treatment. 

[Claim 20] It is the manufacture approach of the switched connection film according to claim 1 8 or 1 9 that said 
antiferromagnetism layer is formed with a X-Mn alloy, and Element X is Pt. 

[Claim 21] said antiferromagnetism layer — a PtMn alloy — forming — after said heat treatment — the ratio of the 
lattice constants a and c of said antiferromagnetism layer — the manufacture approach of the switched connection 
film according to claim 20 which carries out c/a within the limits of 0.93-0.99. 

[Claim 22] About said antiferromagnetism layer, it is a X-Mn-X' alloy (however, X). It forms, the inside of Pt, Pd, Ir, 
Rh. Ru, and Os — any one sort or two sorts or more of elements — it is — said X-Mn-X' alloy The manufacture 
approach of the switched connection film according to claim 18 or 19 that it is the interstitial solid solution by which 
element X' trespassed upon the clearance between the space lattices which consist of elements X and Mn. or a part 
of lattice point of the crystal lattice which consists of elements X and Mn is the substitution solid solution permuted 
by element X'. 

[Claim 23] The element X of the X-Mn-X' alloy used as said antiferromagnetism layer is the manufacture approach 
of the switched connection film according to claim 22 which is Pt. 

[Claim 24] Said element X' Ne, Ar, Kr, Xe, Be. B, C. N. Mg. aluminum. Si, P. Ti, V. Or. Fe. Co. nickel. Cu. Zn. Ga. 
germanium. Zr, Nb. Mo. Ag. Cd. Ir. Sn, Hf, Ta, W, Re, Au, Pb, And the manufacture approach of the switched 
connection film according to claim 22 or 23 which is one sort or two sorts or more of elements among rare earth 
elements. 

[Claim 25] Said element X' is the manufacture approach of the switched connection film according to claim 24 which 
is one sort or two sorts or more of elements among Ne, Ar, Kr, and Xe. 

[Claim 26] The presentation ratio of said element X' is the manufacture approach of the switched connection film 
according to claim 22 to 25 which is at% and is within the limits of 0.2-1 0. 

[Claim 27] The presentation ratio of said element X* is the manufacture approach of the switched connection film 
according to claim 26 which is at% and is within the limits of 0.5-5. 

[Claim 28] X:Mn is the manufacture approach of the switched connection film according to claim 22 to 27 which is 
within the limits of 4:6-6:4 of a presentation ratio with Elements X and Mn comparatively. 

[Claim 29] The manufacture approach of the switched connection film according to claim 22 to 28 which forms the 
X-Mn-X' alloy used as said antiferromagnetism layer by the spatter. 

[Claim 30] An antiferromagnetism layer and the fixed magnetic layer to which it is formed in in contact with this 
antiferromagnetism layer, and the magnetization direction is fixed by the exchange anisotropy field with said 
antiferromagnetism layer. The free magnetic layer formed in said fixed magnetic layer through the nonmagnetic 
conductive layer. The bias layer which arranges the magnetization direction of said free magnetic layer in the 
magnetization direction of said fixed magnetic layer, and the crossing direction. It has a fixed magnetic layer, a 
nonmagnetic conductive layer, and the conductive layer that gives a detection current to a free magnetic layer. The 
magneto-resistive effect component characterized by forming the ferromagnetic layer used as the fixed magnetic 
layer formed in contact with said antiferromagnetism layer and this antiferromagnetism layer with the switched 
connection film indicated by either claim 1 thru/or claim 1 7. 

[Claim 31] The magneto-resistive effect component according to claim 30 in which the ferromagnetic layer which 
spacing of the width of recording track Tw is vacated for said free magnetic layer top or bottom, and the laminating 
of the antiferromagnetism layer is carried out. and turns into said antiferromagnetism layer and free magnetic layer 
is formed with the switched connection film indicated by either claim 1 thru/or claim 17. 

[Claim 32] The nonmagnetic conductive layer to which the laminating of the free magnetic layer was carried out up 
and down, and the fixed magnetic layer located on said one nonmagnetic conductive layer and under the 
nonmagnetic conductive layer of another side. It is located on said one fixed magnetic layer and under the fixed 
magnetic layer of another side. The antiferromagnetism layer which fixes the magnetization direction of each fixed 
magnetic layer in the fixed direction by the exchange anisotropy field. It has the bias layer which arranges the 
magnetization direction of said free magnetic layer in the magnetization direction of said fixed magnetic layer, and 
the crossing direction. The magneto-resistive effect component characterized by forming the ferromagnetic layer 
used as the fixed magnetic layer formed in contact with said antiferromagnetism layer and this antiferromagnetism 
layer with the switched connection film indicated by either claim 1 thru/or claim 1 7. 

[Claim 33] The magneto-resistive effect component characterized by having the magnetic-reluctance layer and soft 
magnetism layer which were piled up through the non-magnetic layer, vacating spacing of the width of recording 
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track Tw for said magnetic-reluctance layer top or bottom, forming an antiferromagnetism layer, and forming the 
ferromagnetic layer used as said antiferromagnetism layer and magnetic-reluctance layer with the switched 
connection film indicated by either claim 1 thru/or claim 1 7. 

[Claim 34] The thin film magnetic head characterized by the thing of the magneto-resistive effect component 
indicated by claim 30 thru/or either of 33 for which the shielding layer is formed through the gap layer up and down. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By the exchange anisotropy field which this invention consists of an antiferromagnetism 
layer and a ferromagnetic layer, and is generated in the Interface of said antiferromagnetism layer and ferromagnetic 
layer The switched connection film with which the magnetization direction of said ferromagnetic layer is fixed in the 
fixed direction is started. When formed with the antiferromagnetism ingredient with which said especially 
antiferromagnetism layer contains Elements X (Pt, Pd, etc.) and Mn, It is related with the thin film magnetic head 
using the magneto-resistive effect component (a spin bulb mold thin film, AMR component) using the switched 
connection film which enabled it to acquire a larger exchange anisotropy field, and the manufacture approach and 
said switched connection film, and said magneto-resistive effect component. 
[0002] 

[Description of the Prior Art] A spin bulb mold thin film is one sort using giant magneto-resistance of a GMR (giant 
magnetoresistive) component, and detects the record field from record media, such as a hard disk. This spin bulb 
mold thin film has the point which was excellent in some — also in a GMR component, structure is comparatively 
simple and, moreover, resistance changes by the weak field. 

[0003] Said spin bulb mold thin film is the simplest structure, and consists of an antiferromagnetism layer, a fixed 
magnetic layer, a nonmagnetic conductive layer, and a free magnetic layer, the exchange anisotropy field which said 
antiferromagnetism layer and fixed magnetic layer touch, and It is formed, and is generated In the interface of said 
antiferromagnetism layer and fixed magnetic layer — the magnetization direction of said fixed magnetic layer — the 
fixed direction — a single domain — it isHzing and fixed. 

[0004] Magnetization of a free magnetic layer is arranged in the magnetization direction of said fixed magnetic layer, 
and the crossing direction by the bias layer formed in the both sides. 

[0005] Generally the Co-Pt (cobalt-platinum) alloy film etc. is used for Cu (copper) film and a bias layer by the Fe- 
Mn (iron-manganese) alloy film or the nickel-Mn (nickel-manganese) alloy film, the fixed magnetic layer, and the free 
magnetic layer at the nickel-Fe (nickel-iron) alloy film and a nonmagnetic conductive layer at said 
antiferromagnetism layer. 

[0006] In this spin bulb mold thin film, if the magnetization direction of said free magnetic layer is changed, electric 
resistance will change with the leakage fields from record media, such as a hard disk, by relation with the fixed 
magnetization direction of a fixed magnetic layer, and the leak field from a record medium is detected by the 
electrical-potential-difference change based on this electric resistance value change. 

[0007] By the way. although the Fe-Mn alloy film and the nickel-Mn alloy film are used for an antiferromagnetism 
layer as mentioned above, the Fe-Mn alloy film has low corrosion resistance, and an exchange anisotropy field is 
small and blocking temperature is low with about 1 50 degrees C further. The problem that an exchange anisotropy 
field will disappear occurs by the rise of the chip temperature under the production process of a head, and head 

actuation because blocking temperature is low. 

[0008] On the other hand, compared with the Fe-Mn alloy film, the nickel-Mn alloy film has a comparatively large 
exchange anisotropy field, and. moreover, its blocking temperature is as high as about 300 degrees C. Therefore, it is 
more desirable to use the nickel-Mn alloy film for an antiferromagnetism layer rather than the Fe-Mn alloy film. 
[0009] Moreover. B.Y.Wong, C.Mitsumata. S.Prakash. D.ELaughlin, and T.KobayashiiJournalof Applied The interface 
structure of said antiferromagnetism layer and fixed magnetic layer (NiFe alloy film) at the time of using the nickel- 
Mn alloy film as an antiferromagnetism layer is reported to Phsysics, vol.79, NolO. and p.7896-p.7904 (1996). 
[0010] This paper "the crystal adjustment condition in a NiFe/NiMn interface is maintained, and it is growing up so 
that the {1 1 1} sides of both NiFe and NiMn may become parallel to a film surface. The adjustment distortion by the 
interface Is eased by introducing much twin crystal which makes a field parallel to a film surface a twin plane. 
However, regulation-ization of NiMn near the interface is low controlled by extant interface distortion, and whenever 
[ regulatlon-ized ] is high by it in the location distant from the interface. It is indicated as 

[00 11] In addition, the thing in the condition that the atom of an antiferromagnetism layer and a fixed magnetic layer 
corresponds by 1 to 1 is said, and disconformity says conversely the thing in the condition that there is no atom of 
the antiferromagnetism layer and fixed magnetic layer in an interface in the physical relationship of a pair. [ in / in 
adjustment / an interface ] 

[0012] Although an exchange anisotropy field occurs in the interface of a NiMn alloy and a fixed magnetic layer by 
performing heat treatment when an antiferromagnetism layer is formed with a NiMn alloy, a NiMn alloy depends this 
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on metamorphosing into a superlattice from an irregular grid by performing heat treatment. 

[0013] If heat treatment is performed although the crystal structure of a NiMn alloy is a face-centered cubic lattice 
(henceforth an irregular grid) with the irregular array sequence of nickel and Mn atom before heat treatment is 
performed, the crystal structure will metamorphose into a face centred tetragonal lattice from a face-centered 
cubic lattice, and. moreover, an atomic location will regulation-ize it (henceforth a superlattice). in addition, the ratio 
of the lattice constants a and c of the nickel-Mn alloy film when the crystal structure becomes a superlattice 
completely — c/a is 0.942. 

[0014] Thus, since lattice constant ratio c/a of the NiMn alloy film which became a superlattice completely is a 
value comparatively near 1, even if it is comparatively small, therefore the interface structure of the NiMn alloy film 
and a fixed magnetic layer is in an adjustment condition, by performing heat treatment, a NiMn alloy metamorphoses 
into a superlattice from an irregular grid, and an exchange anisotropy field generates the grid distortion by the 
interface produced when metamorphosing into a superlattice from an irregular grid 

[0015] In addition, the grid distortion in an interface is eased to some extent with twin crystal as indicated by the 

paper mentioned above. 

[0016] 

[Problem(s) to be Solved by the Invention] As mentioned above, although as for the NiMn alloy the exchange 
anisotropy field has become , and blocking temperature has also become as high as about 300 degrees C and it had 
the property which was excellent compared with the conventional FeMn alloy, it was not able to say comparatively 
that it was enough like the FeMn alloy about corrosion resistance. 

[0017] So. recently, it excels in corrosion resistance, moreover a larger exchange anisotropy field than a NiMn alloy 
is generated, and the X-Mn alloy (X=Pt, Pd. Ir. Rh, Ru, Os) using platinum group metals as an antiferromagnetism 
ingredient which has high blocking temperature is capturing the spotlight 

[0018] If the X-Mn alloy containing platinum group metals is used as an antiferromagnetism layer, a playback output 
can be raised compared with the former, and an exchange anisotropy field will be extinguished and it will be hard 
coming to also generate the fault that reproducing characteristics fall, by the rise of the chip temperature at the 
time of head drive actuation. . 

[0019] By the way, when the X-Mn alloy containing these platinum group metals is used as an antiferromagnetism 
layer, in order to generate an exchange anisotropy field, it is necessary to perform a membrane formation postheat 
treatment like the case where a NiMn alloy is used as an antiferromagnetism layer 

[0020] When the antiferromagnetism layer which consists of a X-Mn alloy (X is platinum group metals) is used, 
however, grid distortion which it produces in case the crystal structure of said antiferromagnetism layer 
metamorphoses into a superlattice from an irregular grid It compares with the NiMn alloy currently conventionally 
used as an antiferromagnetism layer. Since it is large Like said NiMn alloy, when the interface of an 
antiferromagnetism layer and a ferromagnetic layer was changed into the adjustment condition, it turned out that 
the crystal structure of said antiferromagnetism layer cannot metamorphose suitable for a superlattice from an 
irregular grid, and an exchange anisotropy field hardly occurs. 

[0021] This invention is for solving the above-mentioned conventional technical problem, and when the 
antiferromagnetism ingredient containing Elements X (X is platinum group metals) and Mn is used as an 
antiferromagnetism layer, it relates to the thin film magnetic head using the magneto-resistive effect component 
using the switched connection film which enabled it to generate a large exchange anisotropy field, and the 
manufacture approach and said switched connection film, and said magneto-resistive effect component. 
[0022] 

[Means for Solving the Problem] In the switched connection film with which an antiferromagnetism layer and a 
ferromagnetic layer touch, and are formed, an exchange anisotropy field generates this invention in the interface of 
said antiferromagnetism layer and ferromagnetic layer, and the magnetization direction of said ferromagnetic layer is 
carried out in the fixed direction Said antiferromagnetism layer is Element X (however, X) at least the inside of Pt, 
Pd, Ir, Rh. Ru, and Os — any one sort or two sorts or more of elements — it is — it is formed with the 
antiferromagnetism ingredient containing Mn. and is characterized by enlarging the lattice constant of said 
antiferromagnetism layer rather than the lattice constant of said ferromagnetic layer, 

[0023] Thus, in this invention, when an antiferromagnetism layer is formed with the antiferromagnetism ingredient 
which has platinum group metals X, the lattice constant of said antiferromagnetism layer is made larger than the 
lattice constant of a ferromagnetic layer, and, thereby, it becomes possible for the crystal structure of said 
antiferromagnetism layer to become easy to metamorphose into a superlattice from an irregular grid, and to acquire 
a bigger exchange anisotropy field. 

[0024] It is desirable that a part of [ at least ] crystal structures of said antiferromagnetism layer serve as a face- 
centered square superlattice of L10 mold in this invention. It becomes possible to acquire a thereby more big 

exchange anisotropy field. 

[0025] moreover, in this invention, said antiferromagnetism layer is formed with a X-Mn alloy, and Element X is Pt — 
desirable — this case — the ratio of the lattice constants a and c of said antiferromagnetism layer — as for c/a, it 
is desirable that it is within the limits of 0.93-0.99. The crystal structure of an antiferromagnetism layer becomes it 
easy to metamorphose into a superlattice to be this within the limits from an irregular grid, and a bigger exchange 
anisotropy field can be acquired. 

[0026] Furthermore at this invention, said antiferromagnetism layer is a X-Mn-X* alloy (however. X). It is formed, the 
inside of Pt. Pd. Ir, Rh. Ru. and Os — any one sort or two sorts or more of elements — it is — said X-Mn-X' alloy It 
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is desirable that it is the interstitial solid solution by which element X' trespassed upon the clearance between the 
space lattices which consist of elements X and Mn, or a part of lattice point of the crystal lattice which consists of 
elements X and Mn is the substitution solid solution permuted by element X'. 

[0027] Since the lattice constant of an antiferromagnetism layer becomes still larger and the difference of the 
lattice constant of said antiferromagnetism layer and ferromagnetic layer can be extended by adding element X' of 
an invasion mold or a permutation mold into a X-Mn alloy, it is possible to generate a bigger exchange anisotropy 
field. In addition, as for the element X of the X-Mn-X* alloy used as said antiferromagnetism layer, it is desirable that 
it is PL 

[0028] Said element X' in this invention Moreover, Ne, Ar, Kr. Xe. Be, B, C, N, Mg, aluminum. Si, P, Ti, V, Cr, Fe, Co, 
nickel. Cu, Zn, Ga. germanium, Zr. Nb, Mo, Ag, Cd. Ir. Sn. Hf, Ta, W, Re. Au, Pb, And it is desirable that they are one 
sort or two sorts or more of elements among rare earth elements, and said element X* is one sort or two sorts or 
more of elements among Ne, Ar, Kr, and Xe more preferably. 

[0029] Moreover, in this invention, it is desirable that the presentation ratio of said element X' is at%, and it is within 
the limits of 0.2-10, and it is within the limits of 0.5-5 more preferably. As for X:Mn, in this invention, it is still more 
desirable comparatively that it is [ of a presentation ratio with Elements X and Mn ] within the limits of 4:6-6:4. 
[0030] As mentioned above, it is checked by the experiment mentioned later by adjusting the presentation ratio of 
element X' etc. proper that a bigger exchange anisotropy field can be acquired. 

[0031] Moreover, in this invention, said antiferromagnetism layer is formed with a X-Mn alloy (however, X is any one 
sort or two sorts or more of elements among Pt, Pd, Ir, Rh. Ru. and Os). said antiferromagnetism layer is formed on 
the ferromagnetic layer, it is at% and, as for the presentation ratio of X of a X-Mn alloy, it is desirable that it is 
within the limits of 47-57. 

[0032] Moreover, at this invention, said antiferromagnetism layer is a X-Mn-X' alloy (however, X). They are any one 
sort or two sorts or more of elements among Pt. Pd, Ir, Rh, Ru, and Os. X* Ne, Ar, Kr, Xe, Be, B, C. N, Mg, aluminum. 
Si. P. Ti. V. Cr, Fe, Co, nickel, Cu, Zn. Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside 
of rare earth elements — one sort or two sorts or more of elements — it is — it is formed and said 
antiferromagnetism layer is formed on the ferromagnetic layer, it is at% and, as for the presentation ratio of X+X' of 
a X-Mn-X' alloy, it is desirable that it is within the limits of 47-57. 

[0033] In addition, the presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X* alloy is 
at%. and is more desirable in it being within the limits of 50—56. 

[0034] Moreover, in this invention, said antiferromagnetism layer is formed with a X-Mn alloy (however, X is any one 
sort or two sorts or more of elements among Pt, Pd. Ir. Rh, Ru, and Os), said antiferromagnetism layer is formed in 
the bottom of a ferromagnetic layer, it is at% and, as for the presentation ratio of X of a X-Mn alloy, it is desirable 
that it is within the limits of 44-57. 

[0035] Moreover, at this invention, said antiferromagnetism layer is a X-Mn-X* alloy (however, X*). Ne, Ar, Kr, Xe, Be, 
B, C, N, Mg. aluminum. Si. P, Ti, V. Cr. Fe. Co, nickel. Cu. Zn, Ga, germanium, Zr, Nb, Mo. Ag. Cd, Ir, Sn. Hf. Ta, W. Re. 
Au, Pb. and the inside of rare earth elements — one sort or two sorts or more of elements — it is — it is formed 
and said antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, it is at% and, as for the 
presentation ratio of X+X' of a X-Mn-X' alloy, it is desirable that it is within the limits of 44-57. In addition, the 
presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X* of a X-Mn-X* alloy is at%. and is more 
desirable in it being within the limits of 46-55. 

[0036] Moreover, this invention is Element X (however, X) at least, the inside of Pt, Pd, Ir. Rh. Ru. and Os — any 
one sort or two sorts or more of elements — it is — with the antiferromagnetism layer containing Mn When it is the 
manufacture approach of the switched connection film which joined the ferromagnetic layer and said 
antiferromagnetism layer and ferromagnetic layer are joined It is characterized by enabling generating of an 
exchange anisotropy field by the interface of both layers by making the irregular phase of the crystal structure of 
said antiferromagnetism layer metamorphose into a regulation phase by heat-treating by enlarging the lattice 
constant of said antiferromagnetism layer rather than the lattice constant of said ferromagnetic layer. 
[0037] It is desirable to use a part of [ at least ] crystal structures of an antiferromagnetism layer as the face- 
centered square superlattice of L10 mold by said heat treatment in this invention, moreover, in this invention, said 
antiferromagnetism layer is formed with a X-Mn alloy, and Element X is Pt — desirable — this case — after said 
heat treatment — the ratio of the lattice constants a and c of said antiferromagnetism layer — it is desirable to 
carry out c/a within the limits of 0.93-0.99. 

[0038] Moreover, at this invention, it is a X-Mn-X* alloy (however, X) about said antiferromagnetism layer. It forms, 
the inside of Pt. Pd, Ir. Rh, Ru. and Os — any one sort or two sorts or more of elements — it is — said X-Mn-X' 
alloy It is desirable that it is the interstitial solid solution by which element X* trespassed upon the clearance 
between the space lattices which consist of elements X and Mn, or a part of lattice point of the crystal lattice which 
consists of elements X and Mn is the substitution solid solution permuted by element X'. In this case, as for the 
element X of the X-Mn-X' alloy used as said antiferromagnetism layer, it is desirable that it is Pt. 
[0039] Said element X' in this invention Moreover. Ne, Ar, Kr, Xe, Be, B, C, N. Mg. aluminum, Si. P, Ti, V, Cr, Fe. Co, 
nickel. Cu. Zn. Ga. germanium, Zr, Nb, Mo, Ag, Cd, Ir. Sn. Hf, Ta, W, Re, Au, Pb, And it is desirable that they are one 
sort or two sorts or more of elements among rare earth elements, and said element X' is one sort or two sorts or 
more of elements among Ne. Ar. Kr. and Xe more preferably. 

[0040] Moreover, in this invention, it is desirable that the presentation ratio of said element X' is at%. and it is within 
the limits of 0.2-10. and it is within the limits of 0.5-5 more preferably. 
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[0041] As for X:Mn, in this invention, it is still more desirable comparatively that it is [ of a presentation ratio with 
Elements X and Mn ] within the limits of 4:6-6:4. 

[0042] In addition, it is desirable to form the X-Mn-X' alloy used as said antiferromagnetism layer by the spatter in 
this invention. 

[0043] The switched connection film formed as mentioned above is usable for various magneto-resistive effect 
components in this invention. 

[0044] First the single spin bulb mold thin film in this invention An antiferromagnetism layer and the fixed magnetic 
layer to which it is formed in in contact with this antiferromagnetism layer, and the magnetization direction is fixed 
by the exchange anisotropy field with said antiferromagnetism layer, The free magnetic layer formed in said fixed 
magnetic layer through the nonmagnetic conductive layer. The bias layer which arranges the magnetization direction 
of said free magnetic layer in the magnetization direction of said fixed magnetic layer, and the crossing direction. It 
has a fixed magnetic layer, a nonmagnetic conductive layer, and the conductive layer that gives a detection current 
to a free magnetic layer, and the ferromagnetic layer used as the fixed magnetic layer formed in contact with said 
antiferromagnetism layer and this antiferromagnetism layer is characterized by being formed with the switched 
connection film mentioned above. 

[0045] Moreover, in this invention, spacing of the width of recording track Tw may be vacated for the above- 
mentioned single spin bulb mold thin-film the top or the bottom of a free magnetic layer, an antiferromagnetism 
layer may be formed, and the ferromagnetic layer used as said antiferromagnetism layer and free magnetic layer may 
be formed with the switched connection film mentioned above. 

[0046] Moreover, the dual spin bulb mold thin film in this invention The nonmagnetic conductive layer to which the 
laminating of the free magnetic layer was carried out up and down, and the fixed magnetic layer located on said one 
nonmagnetic conductive layer and under the nonmagnetic conductive layer of another side. It is located on said one 
fixed magnetic layer and under the fixed magnetic layer of another side. The antiferromagnetism layer which fixes 
the magnetization direction of each fixed magnetic layer in the fixed direction by the exchange anisotropy field. It 
has the bias layer which arranges the magnetization direction of said free magnetic layer in the magnetization 
direction of said fixed magnetic layer, and the crossing direction, and the ferromagnetic layer used as the fixed 
magnetic layer formed in contact with said antiferromagnetism layer and this antiferromagnetism layer is 
characterized by being formed with the switched connection film mentioned above. 

[0047] Furthermore, the AMR component in this invention is characterized by having the magnetic—reluctance layer 
and soft magnetism layer which were piled up through the non-magnetic layer, vacating spacing of the width of 
recording track Tw for said magnetic-reluctance layer top or bottom, forming an antiferromagnetism layer, and 
forming the ferromagnetic layer used as said antiferromagnetism layer and magnetic-reluctance layer with the 
switched connection film mentioned above. 

[0048] Moreover, the thin film magnetic head in this Invention is characterized by the thing of the magneto-resistive 
effect component mentioned above for which the shielding layer is formed through the gap layer up and down. 
[0049] In this invention, the antiferromagnetism layer and fixed magnetic layer (ferromagnetic layer) of a single spin 
bulb mold thin film and a dual spin bulb mold thin film. are formed with said switched connection film, for example as 
said magneto-resistive effect component. 

[0050] It is possible for this to acquire the reproducing characteristics which became possible [ fixing magnetization 
of said fixed magnetic layer in the fixed direction firmly ] while being able to improve corrosion resistance, and were 
excellent compared with the former. 

[0051] Moreover, when arranging the magnetization direction of the free magnetic layer (ferromagnetic layer) of for 
example, a single spin bulb mold thin film, or the magneto-resistive effect component layer (ferromagnetic layer) of 
the AMR component in the fixed direction with an exchange bias method, an exchange bias layer, a free magnetic 
layer or an exchange bias layer, and a magnetic-reluctance layer may be formed with said switched connection film. 
It is possible for this to become possible to arrange magnetization of said free magnetic layer and a magnetic- 
reluctance layer with fitness in the fixed direction, and to acquire outstanding reproducing characteristics. 
[0052] 

[Embodiment of the Invention] Drawing 1 is the sectional view which looked at the structure of the single spin bulb 
mold thin film of the 1st operation gestalt of this invention from the ABS side side. In addition, drawing 1 fractures 
and shows only the central part of the component prolonged in the direction of X. 

[0053] This single spin bulb mold thin film is prepared in the trailing side edge section of the surfacing type slider 
formed in the hard disk drive unit etc., and detects record fields, such as a hard disk. In addition, the migration 
direction of magnetic-recording media, such as a hard disk, is a Z direction, and the direction of the leak field from a 
magnetic-recording medium is the direction of Y. 

[0054] The substrate layer 6 formed by non-magnetic materials, such as Ta (tantalum), is formed in the bottom of 
drawing 1 . The laminating of the free magnetic layer 1, the nonmagnetic conductive layer 2. the fixed magnetic layer 
3. and the antiferromagnetism layer 4 is carried out on this substrate layer 6. And the protective layers 7. such as 
Ta (tantalum), are formed on said antiferromagnetism layer 4. 

[0055] Moreover, as shown in drawingj. , the hard bias layers 5 and 5 are formed in the both sides of six layers from 
the substrate layer 6 to a protective layer 7. and the laminating of the conductive layers 8 and 8 is carried out on 
said hard bias layers 5 and 5. 

[0056] In this invention, said free magnetic layer 1 and the fixed magnetic layer 3 are formed with a NiFe alloy, a 
CoFe alloy, Co alloy, Co, a CoNiFe alloy, etc. 
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[0057] in addition, although the free magnetic layer 1 comes out further and it is formed as shown in drawing 1 , this 
may be formed by multilayer structure. That is, the structure where said free magnetic layer 1 may have the 
structure where the laminating of for example, a NiFe alloy and the CoFe alloy was carried out, and the laminating of 
a NiFe alloy and the Co was carried out is sufficient. 

[0058] The nonmagnetic conductive layer 2 which intervenes between said free magnetic layers 1 and fixed 
magnetic layers 3 is formed by Cu. Furthermore, the hard bias layers 5 and 5 are formed with for example, the Co- 
Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc.. and conductive layers 8 and 8 are 
formed by Cu (copper), W (tungsten), Cr (chromium), etc. 

[0059] In this invention, the antiferromagnetism layer 4 currently formed on the fixed magnetic layer 3 is formed at 
least with the antiferromagnetism ingredient containing Elements X (however, X is any one sort or two sorts or more 
of elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn. 

[0060] In this invention, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 
which are shown in drawing 1 is in the disconformity condition, and a part of [ at least ] crystal structures of said 
antiferromagnetism layer 4 in an interface serve as a face centred tetragonal lattice (henceforth a superlattice) of 
LIO mold. 

[0061] Here, the face centred tetragonal lattice of LIO mold means what X atom (X=Pt. Pd, Ir, Rh, Ru, Os) occupies 
the core of the 4th page of a side face among the 6th page of a unit lattice, and Mn atom occupies at the core of 
the corner of a unit lattice, a top face, and an inferior surface of tongue. 

[0062] Moreover, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 is 
desirable at the point that it will tend to be in a disconformity condition in this invention that the crystal orientation 
of the fixed magnetic layer 3 and the antiferromagnetism layer 4 differs. 

[0063] drawing 1 — being shown — a single — a bulb — a mold — a thin film — **** — Ta — a substrate — a 
layer — six — covering — **** — since — said — a substrate — a layer — six — a top — forming — having — 
free — a magnetic layer — one — nonmagnetic — a conductive layer — two — and — immobilization — a 
magnetic layer — three — { — 111 — } — a field — a film surface — receiving — being parallel — a direction — 
priority — orientation — carrying out — **** . 

[0064] On the other hand, the {1 1 1} sides of the antiferromagnetism layer 4 formed on said fixed magnetic layer 3 
are small compared with the amount of preferred orientation of the (111} sides of said fixed magnetic layer 3, or 
serve as non-orientation. That is, the crystal orientation near the interface of the fixed magnetic layer 3 and the 
antiferromagnetism layer 4 which are shown in drawin g 1 is a different thing, therefore the structure in said interface 
will be easy to be in a disconformity condition. 

[0065] Although interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 is made into 
the disconformity condition from the phase before heat treatment in this invention, this is because it is made to 
metamorphose into the superlattice which mentioned above the crystal structure of said antiferromagnetism layer 4 
from the irregular grid (face-centered cubic lattice) and a fitness exchange anisotropy field can be acquired by 
heat-treating. 

[0066] If it says and changes and interface structure is in an adjustment condition, even if it heat-treats, the crystal 
structure of said antiferromagnetism layer 4 cannot metamorphose into a superlattice easily from an irregular grid, 
therefore the problem that an exchange anisotropy field is not acquired will arise. 

[0067] In this invention, said antiferromagnetism layer 4 is formed with the X-Mn alloy (however, X is any one sort 
or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os). It is desirable that said antiferromagnetism layer 
4 is especially formed with the PtMn alloy by this invention. 

[0068] The X-Mn alloy, especially the PtMn alloy have the property which is excellent in corrosion resistance 
compared with a FeMn alloy, a NiMn alloy, etc. which are used as an antiferromagnetism layer from the former, and 
was excellent as an antiferromagnetism ingredient — blocking temperature is also high and an exchange anisotropy 
field (Hex) is still larger. 

[0069] the ratio of the lattice constants a and c of said antiferromagnetism layer 4 from which a part of [ at least ] 
crystal structures became a superlattice when said antiferromagnetism layer 4 is formed with the PtMn alloy after 
heat-treating in this invention that is, . — as for c/a. it is desirable that it is within the limits of 0.93-0.99. 
[0070] the ratio of lattice constants a and c — if c/a becomes 0.93 or less — the crystal structure of said 
antiferromagnetism layer 4 — although all serve as a superlattice mostly, if it will be in such a condition, the 
adhesion of said fixed magnetic layer 3 and antiferromagnetism layer 4 falls, and film peeling etc. generates and is 
not desirable. 

[0071] the ratio of lattice constants a and c — it becomes [ the exchange anisotropy field of the crystal structure 
of said antiferromagnetism layer 4 generated in the interface of said antiferromagnetism layer 4 and fixed magnetic 
layer 3 by all becoming an irregular grid mostly ] small and is not desirable if c/a becomes 0.99 or more. 
[0072] By the way. in the phase before heat treatment, when said antiferromagnetism layer 4 is formed with a X-Mn 
alloy (however, X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru. and Os), in order to 
make interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 into a disconformity 
condition, by this invention, the presentation ratio of said X-Mn alloy is set up in the following numeric value. 
[0073] As moreover shown in drawing 1 . when said antiferromagnetism layer 4 is formed with a X-Mn alloy 
(however. X is any one sort or two sorts or more of elements among Pt, Pd. Ir. Rh. Ru, and Os) and said 
antiferromagnetism layer 4 is formed on the fixed magnetic layer 3. the presentation ratio of the element X of a X- 
Mn alloy is at%. and it is desirable that it is within the limits of 47-57. More preferably, the presentation ratio of the 
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element X of a X-Mn alloy is at%, and is within the limits of 50-56. 

[0074] If the antiferromagnetism layer 4 is formed in presentation Hinai mentioned above, the difference of the 
lattice constant of said antiferromagnetism layer 4 of a before [ heat treatment (i.e., the phase where the crystal 
structure serves as an irregular grid) ], and the lattice constant of the fixed magnetic layer 3 can be enlarged, 
therefore the interface structure of said fixed magnetic layer 3 and antiferromagnetism layer 4 can be maintained at 
a disconformity condition before heat treatment. 

[0075] If it heat-treats in this condition, as the exchange anisotropy field occurred and mentioned above by change 
of the crystal structure of said antiferromagnetism layer 4, the presentation ratio of the presentation ratio of the 
element X of an X-Mn alloy is at%, and it is possible to acquire the exchange anisotropy field more than 400 (Oe: 
oersted) as it is within the limits of 47-57. Moreover, the presentation ratio of the element X of a X-Mn alloy is at%, 
and it is possible to acquire the exchange anisotropy field more than 600 (Oe) as it is within the limits of 50-56. 
[0076] Thus, when a X-Mn alloy is used as an antiferromagnetism layer 4 in this invention, it is possible to maintain 
the interface structure of said antiferromagnetism layer 4 and fixed magnetic layer 3 before heat treatment at a 
disconformity condition by forming within limits which mentioned the presentation ratio of Element X above. 
[0077] Moreover, it is possible by adding element X' as the 3rd element into a X-Mn alloy in this invention to be able 
to enlarge the lattice constant of the antiferromagnetism layer 4 and to change the interface structure of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 before heat treatment into a disconformity condition. 
[0078] The X-Mn-X' alloy which added element X' to the X-Mn alloy is the interstitial solid solution by which 
element X* trespassed upon the clearance between the space lattices which consist of elements X and Mn, or a part 
of lattice point of the crystal lattice which consists of elements X and Mn is the substitution solid solution permuted 
by element X\ The solid solution was crossed to the large presentation range, and has pointed out the thing of the 
solid-state with which the component was mixed with homogeneity here. In addition, as for Element X, in this 
invention, it is desirable that it is Pt, 

[0079] By the way, in this invention, said X-Mn-X* alloy is formed by the spatter. Said X-Mn-X' alloy is formed by 
non-equilibrium by the spatter, and a part of lattice point of the crystal lattice which the formed X-Mn-X' alloy 
trespasses upon the clearance between space lattices where element X' in the film consists of elements X and Mn, 
or consists of elements X and Mn is permuted by element X' by it. thus, said element X* is an invasion mold at the 
grid of a X-Mn alloy — it is — by dissolving with a permutation mold, a grid can be extended and the lattice 
constant of the antiferromagnetism layer 4 becomes large compared with the case where element X' is not added. 
[0080] Moreover, although it is possible to use various elements as element X' in this invention, if a reactant high 
halogen, O (oxygen), etc. are used, these carry out a chemical bond only to Mn alternatively, are considered with it 
becoming impossible to maintain the crystal structure of a face-centered cubic, and are not desirable. Concrete 
element X' in this invention Ne. Ar, Kr, Xe, Be. B, C, N, Mg, aluminum. Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga. 
germanium. Zr. Nb. Mo, Ag, Cd, Ir. Sn, Hf. Ta, W. Re, Au. Pb. And they are one sort or two sorts or more of elements 
among rare earth elements (Sc. Y. and lanthanoids (La. Ce. Pr, Nd. Pm. Sm. Eu. Gd. Tb. Dy, Ho. Er. Tm, Yb. Lu)). 
[0081] If the presentation ratio of said element X' becomes large too much when using element X' which dissolves 
especially with a permutation mold although the lattice constant of the antiferromagnetism layer 4 can be enlarged 
by the spatter even if it uses any of various element X* which showed above, the property as antiferromagnetism will 
fall and the switched connection field generated in an interface with the fixed magnetic layer 3 will become small. 
[0082] By this invention, it especially dissolves with an invasion mold, and it is supposed that it is desirable to use 
the rare-gas element (one sort or two sorts or more among Ne, Ar, Kr. and Xe) of inert gas as element X\ It is gas 
by which it is not greatly affected in an antiferromagnetism property even if a rare-gas element contains in the film, 
since a rare-gas element is inert gas. and Ar etc. is further introduced in the sputtering system from the former as 
sputtering gas, and is only adjusting gas pressure and spatter particle energy proper, and Ar can be made to invade 
into the film easily. 

[0083] In addition, although it is difficult to contain a lot of element X' in the film when the element of a gas system 
is used for element X*, in the case of rare gas, minute amount invasion is only carried out into the film, and it is 
checked by experiment that the switched connection field generated by heat treatment can be enlarged by leaps 
and bounds. 

[0084] In addition, in this invention, the range of the presentation ratio of element X* is set up, and the desirable 
presentation range of said element X' is 0.2 to 10 at at%, is at% more preferably, and is 0.5 to 5. Moreover, as for 
X:Mn, it is comparatively desirable at this time that it is [ of a presentation ratio with Elements X and Mn ] within 
the limits of 4:6-6:4. It is possible to enlarge the switched connection field generated in the interface of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 by being able to enlarge the lattice constant of the 
antiferromagnetism layer 4 in a membrane formation phase (before heat treatment) if it is within the limits and X:Mn 
is adjusted [ above-mentioned ] comparatively of the presentation ratio of element X' and a presentation ratio with 
Elements X and Mn, and moreover heat-treating compared with the case where element X' is not contained. 
[0085] Furthermore at this invention, it is a X-Mn-X' alloy (however, X). They are any one sort or two sorts or more 
of elements among Pt. Pd, Ir, Rh, Ru, and Os. X' Ne, Ar, Kr. Xe, Be, B, C, N, Mg, aluminum. Si, P, Ti, V, Cr, Fe, Co, 
nickel, Cu, Zn. Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir. Sn. Hf, Ta, W, Re. Au, Pb, As shown in drawing J . when the 
formed antiferromagnetism layer 4 is formed on the fixed magnetic layer 3, the presentation ratio of X+X' of said X- 
Mn-X* alloy is at%. and the inside of rare earth elements — one sort or two sorts or more of elements — it is — It 
is desirable that it is within the limits of 47-57. and more preferably, the presentation ratio of X+X* of a X-Mn-X' 
alloy is at%, and is within the limits of 50-56. 
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[0086] the direction of Y which shows magnetization of said fixed magnetic layer 3 to drawjn^^^ by the switched 
connection field generated in the interface of the antiferromagnetism layer 4 and the fixed magnetic layer 3 by heat- 
treating — a single domain — it is-izing and fixed, in addition, when element X' of the X-Mn-X' alloy used as an 
antiferromagnetism layer 4 is the element of for example, a gas system Although the presentation ratio of element 
X' after heat treatment becomes small, or said X' may slip out out of the film completely and a presentation may 
become X-Mn from the presentation ratio of element X* in the phase which said element X' fell out out of the film, 
came out, and was formed by heat-treating If the interface structure of the fixed magnetic layer 3 and the 
antiferromagnetism layer 4 in a membrane formation phase (before heat treatment) is in the disconformity condition, 
by heat-treating the crystal structure of said antiferromagnetism layer 4 It is possible to metamorphose into a 
superlattice from an irregular grid (face-centered cubic lattice) at fitness, and to acquire a large exchange 
anisotropy field. 

[0087] Moreover, the free magnetic layer 1 is arranged in the direction of illustration X by the hard bias layers 5 and 
5 currently formed in the both sides. 

[0088] In the single spin bulb mold thin film shown in d raw ing 1 , if the stationary current (sense current) is given to 
the free magnetic layer 1 , the nonmagnetic conductive layer 2, and the fixed magnetic layer 3 from a conductive 
layer 8 and a field is moreover given in the direction of Y from a record medium, the magnetization direction of the 
free magnetic layer 1 will change from X towards the direction of Y. At this time, a lifting and electric resistance 
change [ conduction electron ] dispersion by the interface of the nonmagnetic conductive layer 2 and the fixed 
magnetic layer 3. or the interface of the nonmagnetic conductive layer 2 and the free magnetic layer 1. Therefore, 
an electrical potential difference can change and a detection output can be obtained. 

[0089] Drawjng_2 is the sectional view showing the structure of the single spin bulb mold thin film of the 2nd 
operation gestalt of this invention. As shown in drawing 2 R> 2. the laminating of the substrate layer 6, the 
antiferromagnetism layer 4, the fixed magnetic layer 3, the nonmagnetic conductive layer 2. and the free magnetic 
layer 1 is continuously carried out from the bottom. 

[0090] In addition, the antiferromagnetism layer 4 shown in drawing 2 is a X-Mn alloy (however, X) like the 
antiferromagnetism layer 4 shown in drawing 1 . they are any one sort or two sorts or more of elements among Pt, 
Pd. Ir, Rh, Ru, and Os — desirable — a PtMn alloy or a X-Mn-X' alloy (however, X') Ne, Ar, Kr, Xe, Be, B, C, N, Mg. 
aluminum. Si, P, Ti. V. Cr. Fe. Co. nickel. Cu. Zn. Ga, germanium. Zr. Nb, Mo. Ag. Cd. Ir. Sn. Hf. Ta. W, Re, Au, Pb. and 
the inside of rare earth elements — one sort or two sorts or more of elements — it is — it is formed. 
[O091] In addition, the fixed magnetic layer 3, the nonmagnetic conductive layer 2, and the free magnetic layer 1 are 
formed with the quality of the material explained by drawin g 1 . 

[0092] Also in this example, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 
is in the disconformity condition, and a part of [ at least ] crystal structures of said antiferromagnetism layer 4 in an 
interface serve as a face centred tetragonal lattice (henceforth a superiattice) of L10 mold. 

[0093] Moreover, although priority orientation of the {111} sides of said antiferromagnetism layer 4 formed on the 
substrate layer 6 of Ta is carried out in the direction parallel to an Interface If the fixed magnetic layer 3 Is formed 
on said antiferromagnetism layer 4 as shown in drawing 2 , the amount of preferred orientation to the direction of an 
interface of the {111} sides of said fixed magnetic layer 3 will be smaller than the amount of preferred orientation of 
said antiferromagnetism layer 4, or will tend to become [ tend ] non-orientation. Thus, in drawing 2 , it is possible for 
the crystal orientation of said antiferromagnetism layer 4 and fixed magnetic layer 3 in an interface to differ, 
therefore to make interface structure into a disconformity condition more. 

[0094] By the way. the antiferromagnetism layer 4 is a X-Mn alloy (however, X). the inside of Pt, Pd. Ir, Rh. Ru, and 
Os — any one sort or two sorts or more of elements — it is, as It Is formed and is shown in drawing 2 When the 
antiferromagnetism layer 4 is formed in the bottom of the fixed magnetic layer 3, the presentation ratio of the 
element X of the X-Mn alloy which constitutes the antiferromagnetism layer 4 Is at%, and it is desirable that it is 
within the limits of 44-57. If it is this within the limits, it is possible to acquire the exchange anisotropy field more 
than 400 (Oe). More preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the 
limits of 46-55. If it Is this within the limits, it is possible to acquire the exchange anisotropy field more than 600 
(Oe). 

[0095] Thus, it is because that an exchange anisotropy field can be greatly carried out to it being presentation 
within the limits mentioned above can enlarge the difference of the lattice constant (irregular grid) of the 
antiferromagnetism layer 4 before heat treatment, and the lattice constant of the fixed magnetic layer 3 and 
interface structure before heat treatment can be made into a disconformity condition. 

[0096] Therefore, by heat-treating, it becomes possible to make a part of [ at least ] crystal structures of said 
antiferromagnetism layer 4 in an interface metamorphose Into a superiattice required in order to demonstrate an 
exchange anisotropy field from an irregular grid. 

[0097] Moreover, said antiferromagnetism layer 4 is a X-Mn-X* alloy (however, X'). Ne, Ar. Kr. Xe. Be, B. C, N, Mg, 
aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir. Sn, Hf, Ta, W, Re, Au, Pb, and 
the inside of rare earth elements — one sort or two sorts or more of elements — it is — said X-Mn-X' alloy, when 
formed A part of lattice point of the crystal lattice which is formed of a spatter, and serves as an interstitial solid 
solution by which element X' trespassed upon the clearance between the space lattices which consist of elements X 
and Mn, or consists of elements X and Mn serves as a substitution solid solution permuted by element X'. 
[0098] The lattice constant of the antiferromagnetism layer 4 which contains element X* in the film becomes large 
compared with the lattice constant of the antiferromagnetism layer 4 which does not contain said element X', and 
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can maintain the interface structure of the antiferromagnetism layer 4 and the fixed magnetic layer 3 in a membrane 
formation phase (before heat treatment) at a disconformity condition. 

[0099] In addition, by this invention, the presentation ratio of element X' occupied in the film is made into within the 
limits of 0.2-10 at at%, and the more desirable presentation range is made into within the limits of 0.5-5 at at%. 
Moreover, it is said presentation within the limits, element X' is formed, and the thing of a presentation ratio with 
Elements X and Mn within the limits of 4:6-6:4, then a larger switched connection field are acquired [ a thing ] for 
X:Mn is still more possible comparatively. 

[01 00] Moreover, as shown in drawing 2 , when the antiferromagnetism layer 4 formed with the X-Mn-X* alloy is 
formed in the fixed magnetic layer 3 bottom in this invention, the presentation ratio of X+X' of a X-Mn-X' alloy is 
at%, and it is desirable that it is within the limits of 44-57. More preferably, the presentation ratio of X+X' of a X- 
Mn-X* alloy is at%, and is within the limits of 46-55. 

[0101] in addition, the exchange anisotropy field which generates magnetization of the fixed magnetic layer 3 shown 
in drawing 2 in an interface with the antiferromagnetism layer 4 — the direction of illustration Y — a single domain - 
- it is-izing and fixed. 

[0102] As shown in drawin g 2 , on the free magnetic layer 1, spacing of the width of recording track Tw is vacated, 
and the exchange bias layer 9 (antiferromagnetism layer) is formed. In addition, this exchange bias layer 9 is a X-Mn 
alloy (however, X). they are any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os — 
desirable ~ a PtMn alloy or a X-Mn-X' alloy (however, X') Ne. Ar. Kr, Xe. Be, B, C, N, Mg, aluminum. Si. P. Ti. V. Cr. 
Fe, Co, nickel, Cu, Zn, Ga. germanium. Zr. Nb, Mo. Ag, Cd, Ir. Sn, Hf, Ta, W. Re. Au, Pb, and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — it Is formed. 

[0103] The presentation ratio of the element X of a X-Mn alloy is at%. and has become within the limits of 47-57. 
More preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the limits of 50-56. In 
addition, this presentation range is the same as the presentation range of the antiferromagnetism layer 4 explained 
by d rawing 1 . Moreover, in the case of a X-Mn— X' alloy, the presentation ratio of element X' is at% and it is within 
the limits of 0.2-10, and the more desirable presentation range is at% and is within the limits of 0.5-5. Moreover, as 
for X:Mn. it is comparatively desirable that it is [ of a presentation ratio with Elements X and Mn ] within the limits 
of 4:6-6:4. Furthermore, it is desirable to have become within the limits of 47-57. more preferably, the presentation 
ratio of X+X* of a X-Mn-X* alloy is at%. and it is [ the presentation ratio of X+X* of a X-Mn-X' alloy is at% and ] 
within the limits of 50-56. 

[0104] Although the interface structure of the fi^ee magnetic layer 1 and the exchange bias layer 9 will be in a 
disconformity condition for it to be presentation within the limits mentioned above and the exchange anisotropy field 
more than 400 (Oe) can be acquired in an interface at least As shown in drawing 2 , said exchange bias layers 9 and 
9 Since it is not formed in the width-of^recording-track Tw part, it is strongly influenced by the amount of [ of the 
free magnetic layer 1 ] both ends of an exchange anisotropy field, and is single-domain— ized in the direction of 
illustration X, and magnetization of the width-ofH-ecording-track Tw field of the free magnetic layer 1 is arranged 
with extent which reacts to an external magnetic field in the direction of illustration X at fitness. 
[0105] Thus, in the formed single spin bulb mold thin film, magnetization of the width-of-recording-track Tw field of 
the free magnetic layer 1 changes with the external magnetic fields of the direction of illustration Y in the direction 
of illustration Y from illustration X. Electric resistance changes by the relation between fluctuation of the direction 
of magnetization within this free magnetic layer 1, and the fixed magnetization direction (the direction of illustration 
Y) of the fixed magnetic layer 3. and the leak field from a record medium is detected by the electrical-potential- 
difference change based on this electric resistance value change. 

[0106] Drawing 3 is the sectional view showing the structure of the dual spin bulb mold thin film of the 3rd operation 
gestalt of this invention. As shown and shown in drawing, the laminating of the. substrate layer 6, the 
antiferromagnetism layer 4, the fixed magnetic layer 3, the nonmagnetic conductive layer 2, and the free magnetic 
layer 1 is continuously carried out from the bottom. Furthermore on said free magnetic layer 1, the laminating of the 
nonmagnetic conductive layer 2, the fixed magnetic layer 3, the antiferromagnetism layer 4. and the protective layer 
7 is carried out continuously. 

[0107] Moreover, the laminating of the hard bias layers 5 and 5 and the conductive layers 8 and 8 is carried out to 
the both sides of the multilayers from the substrate layer 6 to a protective layer 7. 

[01 08] In addition, each class is formed with the same quality of the material as the quality of the material explained 
by drawing 1 and drawing 2 . 

[0109] As shown in drawjng 3 , the antiferromagnetism layer 4 currently formed below the free magnetic layer 1 The 
presentation ratio of the element X of the X-Mn alloy which constitutes said antiferromagnetism layer 4 is at% like 
[ since it is formed in the bottom of the fixed magnetic layer 3 ] the antiferromagnetism layer 4 shown in drawing 2 . 
It is desirable that it is within the limits of 44-57. and more preferably, the presentation ratio of the element X of a 
X-Mn alloy is at%. and is within the limits of 46-55. 

[0110] Moreover, the antiferromagnetism layer 4 currently formed above the free magnetic layer 1 The presentation 
ratio of the element X of the X-Mn alloy which constitutes said antiferromagnetism layer 4 is at% like [ since it is 
formed on the fixed magnetic layer 3 ] the antiferromagnetism layer 4 shown in drawi^^^ . It is desirable that it is 
within the limits of 47-57, and more preferably, the presentation ratio of the element X of a X-Mn alloy is at%. and is 
within the limits of 50-56. 

[Oil 1] If it is this presentation within the limits, since the difference of the lattice constant of the fixed magnetic 
layer 3 and the lattice constant of the antiferromagnetism layer 4 before heat treatment can be enlarged, it is 
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possible by being able to change the interface structure before heat treatment into a disconformity condition, 
therefore heat-treating to make a part of crystal structures of said antiferromagnetism layer 4 in an interface 
metamorphose into a superlattice required to demonstrate an exchange anisotropy field from an irregular grid, in 
addition, the ratio of the lattice constants a and c of said antiferromagnetism layer 4 after heat treatment when said 
antiferromagnetism layer 4 is formed with a PtMn alloy — as for c/a, it is desirable that it is within the limits of 
0.93-0.99. 

[01 1 2] Moreover, since the crystal orientation of the antiferromagnetism layer 4 and the fixed magnetic layer 3 also 
differs, it is possible to change interface structure into a disconformity condition more. 

[0113] if it comes out in the presentation range mentioned above, it is possible to acquire the exchange anisotropy 
field more than at least 400 (Oe), but it is more possible to make large the range of the presentation ratio of the 
element X of a X-Mn alloy a little rather than the direction which forms the antiferromagnetism layer 4 in the 
bottom of the fixed magnetic layer 3 forms on the fixed magnetic layer 3. 

[0114] Moreover, when the antiferromagnetism layer 4 is formed with a X-Mn-X' alloy, the presentation ratio of 
element X' is at% and it is within the limits of 0.2-10, and the more desirable presentation range is at% and is within 
the limits of 0.5-5. Moreover, as for X:Mn, it is comparatively desirable that it is [ of a presentation ratio with 
Elements X and Mn ] within the limits of 4:6-6:4. 

[0115] In the case of the antiferromagnetism layer 4 currently furthermore formed below the free magnetic layer 1, 
it is desirable that the presentation ratio of X+X' of the X-Mn-X' alloy which constitutes said antiferromagnetism 
layer 4 is at%, and it is within the limits of 44-57. and more preferably, the presentation ratio of X+X' of a X-Mn-X' 
alloy is at%, and is within the limits of 46-55. 

[01 1 6] Moreover, in the case of the antiferromagnetism layer 4 currently formed above the free magnetic layer 1 , it 
is desirable that the presentation ratio of X+X' of the X-Mn-X* alloy which constitutes said antiferromagnetism layer 
4 is at%, and it is within the limits of 47-57. and more preferably, the presentation ratio of X+X' of a X-Mn-X' alloy is 
at%, and is within the limits of 50-56, 

[01 1 7] If it is above-mentioned presentation within the limits, it is possible by being able to enlarge the difference of 
the lattice constant of the fixed magnetic layer 3 and the lattice constant of the antiferromagnetism layer 4 before 
heat treatment, and being able to change the interface structure before heat treatment into a disconformity 
condition, therefore heat-treating to make a part of crystal structures of said antiferromagnetism layer 4 in an 
interface metamorphose into a superlattice required to demonstrate an exchange anisotropy field from an irregular 
grid. 

[01 1 8] in addition, the single spin bulb mold thin film which also shows this dual spin bulb mold thin film to drawin g 1 
— the same — the fixed magnetic layer 3 — an exchange anisotropy field — the direction of illustration Y — a 
single domain — are-izing, and it is fixed and magnetization of the free magnetic layer 1 is arranged in the direction 
of illustration X in response to the effect of the hard bias layers 5 and 5. 

[01 19] If the stationary current is given to the free magnetic layer 1. the nonmagnetic conductive layer 2, and the 
fixed magnetic layer 3 fr-om a conductive layer 8 and a field is moreover given in the direction of Y fi^om a record 
medium When magnetization of the free magnetic layer 1 is changed in the direction of Y from illustration X and 
dispersion of the conduction electron for which it depended on spin by the interface of the nonmagnetic conductive 
layer 2 and the free magnetic layer 1 and the interface of the nonmagnetic conductive layer 2 and the fixed 
magnetic layer 3 at this time takes place Electric resistance changes and the leakage field from a record medium is 
detected. 

[0120] in addition, in the single spin bulb mold thin film shown in drawing 1 and drawing 2 The location from which 
dispersion of the electron depending on spin is started The interface of the nonmagnetic conductive layer 2 and the 
free magnetic layer 1 , and by the dual spin bulb mold thin film shown in drawing 3 , to being two places of the 
interface of the nonmagnetic conductive layer 2 and the fixed magnetic layer 3 Since the location where dispersion 
of conduction electron takes place is a total of four places of two interfaces of the nonmagnetic conductive layer 2 
and the free magnetic layer 1, and two interfaces of the nonmagnetic conductive layer 2 and the fixed magnetic 
layer 3, The direction of a dual spin bulb mold thin film is able to obtain large resistance rate of change compared 
with a single spin bulb mold thin film. 

[0121] Drawing 4 is the sectional view showing the structure of the AMR mold thin film of the 4th operation gestalt 
of this invention. As shown in drawing, the laminating of the soft magnetism layer (SAL layer) 10, a non-magnetic 
layer (SHUNT layer) 11, and the magnetic-reluctance layer (MR layer) 12 is continuously carried out from the 
bottom. 

[0122] For example, said soft magnetism layer 10 is formed with a Fe-nickel-Nb alloy, and the non-magnetic layer 
1 1 is formed for Ta film and the magnetic-reluctance layer 12 with the NiFe alloy. 

[0123] On said magnetic-reluctance layer 12. the exchange bias layers (antiferromagnetism layer) 9 and 9 are 
formed in the part of the direction both sides of X which opened the width of recording track Tw, and the 
conductive layers 13 and 13 formed by Cr film etc. are further formed on said exchange bias layers 9 and 9. 
[0124] the exchange bias layers 9 and 9 which show the exchange bias layers 9 and 9 shown in drawing 4 to drawing 
2 — the same — a X-Mn alloy — it is preferably formed with the PtMn alloy, and the presentation ratio of the 
element X of an X-Mn alloy is at%, and has become within the limits of 47-57. More preferably, the presentation 
ratio of the element X of a X-Mn alloy is at%, and is within the limits of 50-56. 

[0125] Moreover, said exchange bias layers 9 and 9 a X-Mn-X' alloy (it Au(s) and Pb(s) however, X' — Ne, Ar, Kr. 
Xe. Be, B, C. N, Mg. aluminum, Si, P, Ti, V, Cr, Fe, Co, nickel, Gu. Zn, Ga. germanium, 2r, Nb, Mo, Ag, Cd. Ir, Sn, Hf, 
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Ta, W, and Re — ) and the inside of rare earth elements — one sort or two sorts or more of elements — it is — it is 
formed, and the presentation ratio of element X* is at%, and it is within the limits of 0.2-10, and it is [ the more 
desirable presentation range is at% and ] within the limits of 0.5-5. Moreover, as for X:Mn, it is comparatively 
desirable that it is [ of a presentation ratio with Elements X and Mn ] within the limits of 4:6-6:4. Moreover, like the 
exchange bias layers 9 and 9 shown in drayving 2 , the presentation ratio of X+X' of a X-Mn-X' alloy is at%. and the 
exchange bias layers 9 and 9 shown in drawing 4 have become within the limits of 47-57. More preferably, the 
presentation ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 50-56. 

[01 26] If it forms within limits which mentioned the presentation ratio of a X-Mn alloy or a X-Mn-X' alloy above By 
heat-treating by the interface structure of said exchange bias layers 9 and 9 and magnetic-reluctance layer 1 2 
being in a disconformity condition When the thickness of the magnetic-reluctance layer 12 of a NiFe alloy is 200- 
300A The exchange anisotropy field of about 40-1 10 (Oe) is acquired in said interface, and it divides. The thickness 
of the magnetic-reluctance layer of a NiFe alloy in the case of about 200A The exchange anisotropy field of about 
60-110 (Oe) is acquired, and area B of the magnetic-reluctance layer 12 shown in drawing 4 is single-domain-ized 
in the direction of illustration X. And it is induced by this and magnetization of the area A of said magnetic- 
reluctance layer 12 is arranged in the direction of illustration X. Moreover, the current field generated in case a 
detection current flows the magnetic-reluctance layer 12 is impressed to the soft magnetism layer 10 in the 
direction of Y, and a horizontal bias field is given to the area A of the magnetic-reluctance layer 12 in the direction 
of Y by the magnetostatic binding energy which the soft magnetism layer 10 brings about. By giving this horizontal 
bias layer to the area A of the magnetic-reluctance layer 12 single-domain-ized in the direction of X, the resistance 
change (magneto-resistive-effect property: the H-R effectiveness property) to field change of the area A of the 
magnetic-reluctance layer 12 is set as the condition of having linearity. 

[0127] The migration direction of a record medium is a Z direction, if a leakage field is given in the direction of 
illustration Y. the resistance of the area A of the magnetic-reluctance layer 12 will change, and this will be detected 
as electrical-potential-difference change. 

[0128] As explained in full detail above, at this invention, it is a X-Mn alloy (however. X) about the 
antiferromagnetism layer 4 (or exchange bias layer 9). In case [ which are any one sort or two sorts or more of 
elements among Pt. Pd, Ir. Rh, Ru, and Os ] it forms with a PtMn alloy preferably, by adjusting the presentation ratio 
of said antiferromagnetism layer 4 to fitness It is possible to be able to make into a disconformity condition 
interface structure of said antiferromagnetism layer 4 and the fixed magnetic layer 3 (or the free magnetic layer 1 or 
the magnetic-reluctance layer 1 2) formed in contact with this antiferromagnetism layer 4, therefore to be able to 
acquire a bigger exchange anisotropy field, and to raise reproducing characteristics compared with the former. Or it 
is said antiferromagnetism layer 4 (or exchange bias layer 9) as the 3rd element in addition to Elements X and Mn 
Element X' (however, X*) Ne, Ar. Kr. Xe. Be, B, 0, N. Mg, aluminum. Si, P, Ti, V, Or, Fe, Co, nickel, Cu. Zn, Ga, 
germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf. Ta, W, Re, Au, Pb, and the inside of rare earth elements — one sort or two 
sorts or more of elements — it is, since the lattice constant of the antiferromagnetism layer 4 can be enlarged 
compared with the case where said element X* is not added by adding Interface structure of said antiferromagnetism 
layer 4 and the fixed magnetic layer 3 (or the free magnetic layer 1 or the magnetic-reluctance layer 1 2) formed in 
contact with this antiferromagnetism layer 4 can be made into a disconformity condition. Therefore, a bigger 
exchange anisotropy field can be acquired and it is possible to raise reproducing characteristics compared with the 
former. Moreover, it is desirable to make the crystal orientation of the antiferromagnetism layer 4 and the fixed 
magnetic layer 3 differ at the point which interface structure can be made easier to change into a disconformity 
condition. 

[01 29] Moreover, although it is because the crystal structure of said antiferromagnetism layer 4 can be made to 
metamorphose into a superiattice from an irregular grid when it heat-treats that an exchange anisotropy field can be 
acquired by what interface structure is made into the disconformity condition for, since a problem will arise in 
adhesion etc. if all the crystal structures metamorphose into a superiattice, it is desirable that only a part of crystal 
structures are metamorphosing into the superiattice. for example, the ratio of the lattice constants a and c of said 
antiferromagnetism layer 4 after heat treatment when said antiferromagnetism layer 4 is formed with a PtMn alloy - 
- it is desirable that c/a is within the limits of 0.93-0.99 (the case where all the crystal structures incidentally carry 
out a variant to a superiattice — the ratio of said lattice constants a and c — c/a is 0.918). 
[01 30] In addition, in this invention, it does not limit to the structure which shows the structure of a magneto- 
resistive effect component layer in drawing 1 - drawing 4 . For example, without forming the hard bias layers 5 and 5 
in the case of the single spin bulb mold thin film shown in drawing J Without forming the exchange bias layers 9 and 
9 in the case of the single spin bulb mold thin film which may vacate spacing of the width of recording track Tw for 
the free magnetic layer 1 bottom, may form an exchange bias layer, and is shown in drawing 2 the both sides of six 
layers from the substrate layer 6 to a protective layer 7 — or a hard bias layer may be formed in the both sides of 
the free magnetic layer 1 at least. 

[0131] Drawing 5 is the sectional view in which the magneto-resistive effect component layer shown in d rawing 4 
from drawing 1 was formed and which read and Jooked at the structure of a head from the opposed face side with a 
record medium. A sign 20 is the lower shielding layer formed for example, with the NiFe alloy etc., and the lower gap 
layer 21 is formed on this lower shielding layer 20. Moreover, on the lower gap layer 21, the magneto-resistive effect 
component layer 22 shown in drawin g 4 is formed from drawing 1 , further, the up gap layer 23 is formed on said 
magneto-resistive effect component layer 22. and the up shielding layer 24 formed with the NiFe alloy etc. is formed 
on said up gap layer 23. 
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[0132] Said lower gap layer 21 and the up gap layer 23 are formed of insulating materials, such as Si02 and 
aluminum 203 (alumina). As shown in drawing 5 . the die length from the lower gap layer 21 to the up gap layer 23 is 
gap length Gl, and it can respond to high recording density-ization, so that this gap length Gl is small. 
[0133] 

[Example] In this invention, the multilayers which consist of the film configuration shown below first were formed, 
and it investigated about the relation between the amount of Pt(s) of one element which constitutes an 
antiferromagnetism layer, and the lattice constant of said antiferromagnetism layer. 

[0134] As a film configuration, they are Si substrate / alumina / substrate layerTa (100) / fixed magnetic layerNiFe 
(300) / antiferromagnetism layer from the bottom :P The laminating was carried out in the order of tMn (300)/Ta 
(100). In addition, the numeric value in the above-mentioned parenthesis expresses thickness, and a unit is 
angstrom. 

[0135] An experiment is the phase which does not heat-treat and asked for the relation between the amount of Pt 
(s). and the lattice constant of an antiferromagnetism layer from the peak location of a diffraction pattern by the 

theta / the 2theta method of an X diffraction. 

[0136] It turns out that the lattice constant of an antiferromagnetism layer (PtMn) is large as are shown in drawing 6 
and the amount of Pt(s) increases. Moreover, as shown in drawing, the range of the NiFe alloy which constitutes a 
fixed magnetic layer, a CoFe alloy, or the lattice constant of Go is about 3.5 to 3,6. 

[0137] Next, membranes were formed by the DC magnetron sputtering method, and two multilayers in which the 
antiferromagnetism layer was formed to the bottom of a fixed magnetic layer or a top were investigated about the 
relation of the amount of Pt(s) (one element which constitutes an antiferromagnetism layer) and an exchange 
anisotropy field after heat-treating. The experimental result is shown in drawing 7 . 

[0138] An antiferromagnetism layer as a film configuration currently formed in the bottom of a fixed magnetic layer 
Si substrate / alumina / substrate layer [ from the bottom ]: — Ta(50) / antiferromagnetism layer :P A laminating is 
carried out in the order of Ta (100). tMn (300) / fixed magnetic layer — Co90FelO (30) / protective layer — Said 
antiferromagnetism layer carried out the laminating from the bottom as a film configuration currently formed on the 
fixed magnetic layer in the order of Si substrate / alumina / Ta(50) / fixed magnetic layer:Co90Fe10 (30) / 
antiferromagnetism layer (300) / protective layerTa (100). In addition, the numeric value in the above-mentioned 
parenthesis expresses thickness, and a unit is angstrom. 

[0139] As conditions in a heat treatment process, 3 hours was first spent on the temperature up. then the 
temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent on the temperature fall 
again. In addition, the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 

[01 40] as shown in drawing 7 , when [ and ] an antiferromagnetism layer (PtMn alloy) is in the fixed magnetic layer 
bottom, and when [ both ] it is in the bottom, the amount of Pt(s) becomes large to about 50 at(s)% — alike — 
following — an exchange anisotropy field — high — becoming — the amount of Pt(s) — about 50 — when it 
becomes more than at%. it turns out that the exchange anisotropy field is becoming small gradually. 
[0141] In order to acquire the exchange anisotropy field more than 400 (Oe). when an antiferromagnetism layer 
(PtMn) is formed in the fixed magnetic layer bottom and an antiferromagnetism layer (PtMn) is formed in the fixed 
magnetic layer bottom for the amount of Pt(s) by 44 - 57at% of within the limits, it turns out that what is necessary 
is just to adjust the amount of Pt(s) to fitness by 47 - 57at% of within the limits. 

[0142] Moreover, in order to acquire the exchange anisotropy field more than 600 (Oe), when an antiferromagnetism 
layer (PtMn) is formed in the fixed magnetic layer bottom and an antiferromagnetism layer (PtMn) is formed in the 
fixed magnetic layer bottom for the amount of Pt(s) by 46 - 55at% of within the limits, it turns out that what is 
necessary is just to adjust the amount of Pt(s) to fitness by 50 - 56at% of within the limits. 

[0143] From the above experimental result, four kinds of multilayers were formed as an example which adjusted the 
presentation ratio of an antiferromagnetism layer (PtMn) to fitness, one kind of multilayers were formed as an 
example of a comparison, and it investigated about a stacking tendency, an exchange anisotropy field, etc. of each 
film. The experimental result is shown in Table 1 . 
[0144] 
[Table 1] 
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[0145] The multilayers to example **-** are single spin bulb mold thin films, and the multilayers of example ** are 
dual spin bulb mold thin films. Moreover, the multilayers of example of comparison ** are the same film 
configurations as the multilayers of example **, and only the presentation ratios of an antiferromagnetism layer 
(PtMn) differ. 

[0146] Moreover, although the laminating of Co-Fe and nickel-Fe is carried out to the multilayers of example ** on 
Cu (nonmagnetic conductive layer), the free magnetic layer consists of two-layer [ this ]. Although the laminating of 
nickel-Fe and Co-Fe is similarly carried out to the multilayers of example ** under Cu (nonmagnetic conductive 
layer), the free magnetic layer consists of two-layer [ this ]. Moreover, although the laminating of Co-Fe. nickel-Fe, 
and Co-Fe is carried out to the multilayers of example ** between two Cu(s) (nonmagnetic conductive layer), the 
free magnetic layer consists of these three layers. 

[0147] as shown in Table 1, in the multilayers to example the lattice matching in the interface of PtMn 

(antiferromagnetism layer) and CoFe (fixed magnetic layer) "is nothing" — receiving — the multilayers of example 
of comparison ** — the lattice matching in an interface — " — it is — — it has become, 

[0148] Moreover, if the column of "whenever [ regulation-ized / of PtMn after 240 degree-C heat treatment ]" is 
seen, by the multilayers of example of comparison **, it is "x" to being "O" in the multilayers of example ** - **. 
[0149] Furthermore, when the column of an "exchange anisotropy field" and "resistance rate of change" is seen, in 
the multilayers to example it turns out to having a large exchange anisotropy field and resistance rate of 

change that the exchange anisotropy field and resistance rate of change of multilayers of example of comparison ** 
are very small compared with the multilayers of example ** - 
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[0150] The above experimental result is related to the presentation ratio of a PtMn alloy. As shown in Table 1, the 
amount of Pt(s) of PtMn to example is 49 - 51at% to the amount of Pt(s) of PtMn in example of comparison 

** being 44at(s)%. 

[0151] For this reason, when drawing 6 (before heat treatment) is referred to. it turns out that the lattice constant 
of PtMn of example of comparison ** is smaller than the lattice constant of PtMn to example and the 

difference of the lattice constant of PtMn (antiferromagnetism layer) and the lattice constant of Co-Fe (fixed 
magnetic layer) is [ the direction of example of comparison ** ] small compared with example ** - **. 
[0152] That is. in the multilayers of example of comparison **, the interface structure of PtMn and CoFe will tend to 
be in an adjustment condition, and. on the other hand, the interface structure of PtMn and CoFe will be easy to be 
in a disconformity condition in the phase before heat treatment by the multilayers to example 

[0153] Before heat treatment, although the crystal structure of PtMn of example and example of comparison 

** serves as an irregular grid (face-centered cubic lattice), even if it heat-treats, the crystal structure of PtMn 
cannot metamorphose into a superlattice from an irregular grid, but regulation-ization is in the condition of not 
progressing at all, by example of comparison ** from which interface structure is in the adjustment condition. 
[0154] On the other hand, in the multilayers of example ** from which interface structure is in the disconformity 
condition - **, by heat-treating, a part metamorphoses into a superlattice (face centred tetragonal lattice of LIO 
mold) from an irregular grid, and the crystal structure of PtMn has become that to which regulation-ization fully 
advanced. 

[0155] Drawing 8 is a high-resolution TEM photograph in which the interface structure of PtMn of example ** and 
CoFe after heat treatment is shown. As shown in drawing 8 , in the interface of PtMn and CoFe. it turns out that 
the direction of a list of the atom of PtMn and the direction of a list of the atom of CoFe are not in agreement, and 
it is in a disconformity condition. 

[0156] On the other hand, drawing 9 is a high-resolution TEM photograph in which the interface structure of PtMn 
of example of comparison ** and CoFe after heat treatment is shown. As shown in drawin g 9 , in the interface of 
PtMn and CoFe. it turns out that the direction of a list of the atom of PtMn and the direction of a list of the atom of 
CoFe are in agreement, and it is in an adjustment condition. 

[0157] Moreover, drawing 10 is an experimental result after heat treatment to which drawing 1 1 measured whenever 
[ regulation-ized / of PtMn / in / for whenever / regulation-ized /.of PtMn in the multilayers of example ** / the 
multilayers of example of comparison ** ]. 

[0158] The experiment measured the include angle which two equivalent {1 1 1) sides in PtMn make, and asked for 
whenever [ regulation-ized ] from the include angle to make. In addition, the axis of abscissa shows the distance 
from the interface of PtMn and CoFe to the PtMn side. 

[0159] As shown in drawing 10 . the measured value of the include angle which {1 1 1} sides make is scattered within 
the limits of about 65 to about 72 degrees, and it turns out that a part of irregular grid before heat treatment 
changes, and the crystal structure of PtMn serves as a superlattice. 

[0160] On the other hand, in drawing 1 1 , the measured value of the include angle which (111} sides make has fallen 
within about 70 - about 71 range, and even if the crystal structure of PtMn heat-treats, it turns out that it has 
meant having maintained the condition of the irregular grid before heat treatment with as. 

[0161] As mentioned above, in the multilayers of example ** - **, since interface structure can be made into a 
disconformity condition, therefore regulation-ization can be advanced to fitness by making the amount of Pt(s) of 
PtMn into 49 - 51at%, the exchange anisotropy field generated in the interface of PtMn and CoFe has the very large 
value so that it may understand, even if it sees drawing 7 . 

[0162] On the other hand, in the multilayers of example of comparison **, since the amount of Pt(s) of PtMn is as 
low as 44at(s)%, the exchange anisotropy field which generates interface structure in the interface of PtMn and 
CoFe so that it may understand, even if it will be in an adjustment condition, regulation-ization does not progress to 
fitness but it sees drayAnj^J^ will become a very small value. 

[0163] Moreover, in order to make interface structure of PtMn and CoFe into a disconformity condition, it is 
desirable to make the crystal orientation of PtMn and the crystal orientation of CoFe differ. 

[0164] In addition, a little more than [ of the amount of preferred orientation of the {111} sides shown in Table 1 / "a 
little more than" ], "inside", and "weakness" express the priority amount of preferred orientation to the direction of 
a film surface. As shown in Table 1, both the amount of preferred orientation of the (111) sides of PtMn of example 
of comparison ** and the amount of preferred orientation of the {111} sides of CoFe (fixed magnetic layer) are [ "a 
little more than" ]. 

[0165] If this refers to the film configuration of example **, NiFe, CoFe (free magnetic layer). Cu (nonmagnetic 
conductive layer), and CoFe (fixed magnetic layer) which were formed on Ta Since the difference of the lattice 
constant of CoFe (fixed magnetic layer) and the lattice constant of PtMn (antiferromagnetism layer) before heat 
treatment is small so that the amount of preferred orientation of {1 1 1} sides may become strong in response to the 
effect of Ta as a substrate layer and it may understand with reference to drawing 6 strongly Strongly in response to 
the fact that the effect of the amount of preferred orientation of the {111} sides of CoFe, priority orientation of the 
{111} sides of PtMn will be carried out in the direction of a film surface. 

[0166] On the other hand, NiFe. CoFe (free magnetic layer), Cu (nonmagnetic conductive layer), and CoFe (fixed 
magnetic layer) which were formed on Ta in example ** Although the amount of preferred orientation of {1 1 1} sides 
becomes strong strongly in response to the fact that the effect of Ta as a substrate layer Since the difference of 
the lattice constant of CoFe (fixed magnetic layer) and the lattice constant of PtMn (antiferromagnetism layer) 
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before heat treatment is large so that it may understand with reference to drawing 6 , the {111} sides of PtMn are 
seldom influenced of the crystal orientation of CoFe, but the amount of preferred orientation in the direction of a 
film surface is weak. 

[0167] Moreover, in the case where it is example **** by which the laminating of the CoFe (fixed magnetic layer) is 
carried out on PtMn. if CoFe is formed on PtMn, the amount of preferred orientation of the (111) sides of CoFe will 
become weak, therefore the crystal orientation of PtMn and CoFe will be turned in the automatically different 
direction. 

[0168] Next, in this invention, the antiferromagnetism layer was formed with the Pt-Mn-X' (X-Ar) alloy, and it 
investigated about the relation between the amount of element X', and the lattice constant of a Pt-Mn-X' alloy. The 
film configurations used for the experiment are Si substrate / alumina / Ta(50) / Co90Fe10 (30) / Pt-Mn-X' (300) / 
Ta from the bottom (100). In addition, the numeric value in a parenthesis expresses thickness and a unit is 
angstrom. 

[0169] In the sputtering system, membrane formation of an antiferromagnetism layer prepared three kinds of targets 
with which the rate of Pt and Mn is set to 6:4, 5:5. and 4:6. and it formed the Pt-Mn-X' (X-Ar) alloy film by DC 
magnetron sputtering and the ion beam spatter, changing the introductory gas pressure of Ar which becomes 
element X' using each target. And it measured about the relation between the amount of X' (X'=Ar) occupied in the 
Pt-Mn-X' (X-Ar) alloy film, and the lattice constant of Pt-Mn-X' (X'=Ar). The experimental result is shown in 
drawing 12 . 

[01 70] As shown in drawing 12 . when [ of the presentation ratio of Pt and Mn ] the amount of element X' (X'=Ar) 
becomes large in the case of either 6:4, 5:5 and 4:6 shows comparatively that the lattice constant of Pt-Mn- 
X' (X*=Ar) becomes large. In addition, the NiFe alloy which constitutes a fixed magnetic layer, a CoFe alloy, or Co As 
shown in drawing 12 , the range of a lattice constant is about 3.5 to 3.6. Moreover, although the amount of element 
X' (X'=Ar) is carried out to to about 4at% and the experiment is not tried about the case of a large content any more 
in this experiment, since it is a gas element, Ar from which this becomes element X' is because it is hard to contain 
Ar in the film, even if it raises gas pressure. 

[0171] Next, the heat treatment process indicated below was given to the Pt-Mn-X' (X'=Ar) alloy film used for the 
above-mentioned experiment. As conditions in a heat treatment process, 3 hours was first spent on the 
temperature up. then, the temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent 
on the temperature fall. In addition, the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 
[01 72] Drawing 13 is a graph which shows the relation between the amount of element X' (X'=Ar) of the Pt-Mn- 
X' (X'=Ar) alloy film, and the magnitude of the switched connection field generated in the interface of an 
antiferromagnetism layer and a fixed magnetic layer by said heat treatment- As shown in drawing 1313 . when the 
amount of element X! (X'=Ar) becomes large, it turns out that the switched connection field is large. That is. if 
element X' (X-Ar) is added to PtMn. it is possible to acquire a large switched connection field compared with the 
case where element X* (X'=Ar) is not added, 

[01 73] Next in this invention, using another element X*. the antiferromagnetism layer was formed with the Pt-Mn- 
X' (X'=Mo) alloy, and it investigated about the relation between the amount of element X* (X-Mo). and the lattice 
constant of the Pt-Mn-X' (X'=Mo) alloy film. The film configurations used for the experiment are Si substrate / 
alumina / Ta(50) / Co90Fe10 (30) / Pt-Mn-X' (300) / Ta from the bottom (100). In addition, the numeric value in a 
parenthesis expresses thickness and a unit is angstrom. 

[01 74] The compound-die target which stuck the chip of element X' (X'=Mo) on the target of PtMn was prepared for 
membrane formation of an antiferromagnetism layer, and changing the surface ratio of the chip occupied at a target, 
the amount of element X' (X -Mo) occupied in the film was changed, and it measured about the relation between 
said amount of element X' (X'=Mo). and the lattice constant of a Pt-Mn-X* (X -Mo) alloy. The experimental result is 
shown in drawing 14 . 

[0175] It turns out that the lattice constant of Pt-Mn-X' (X*=Mo) becomes large, so that the concentration of 
element X' (X'=Mo) which the rate of the presentation ratio of Pt and Mn occupies in the film in one case of 6:4, 1:1. 
and 4:6 becomes large, as shown in drawing 14 . In addition, as shown in drawing 14 , the range of the NiFe alloy 
which constitutes a fixed magnetic layer, a CoFe alloy, or the lattice constant of Co is about 3.5 to 3.6. 
[0176] Next, the heat treatment process indicated below was given to the Pt-Mn-X' (X-Mo) alloy film used in the 
above-mentioned experiment. As conditions in a heat treatment process, 3 hours was first spent on the 
temperature up, then, the temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent 
on the temperature fall. In addition, the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 
[0177] Drawing 1 5 is a graph which shows the relation between the concentration of element X' (X'=Mo) of the Pt- 
Mn-X' (X -Mo) alloy film, and the magnitude of the switched connection field generated in the interface of an 
antiferromagnetism layer and a fixed magnetic layer by said heat treatment. 

[0178] If the amount of element X' (X-Mo) in the film becomes more than abbreviation 3at% even if the presentation 
ratio of Pt and Mn is which [ of 6:4, 1:1, and 4:6 ] case comparatively as shown in drawing 15 , it turns out that a 
switched connection field falls gradually, especially — the amount of element X' (X'=Mo) in the film — about 10 — if 
it becomes more than at%. even if it is the case where the rate of the presentation ratio of Pt and Mn is 1:1. a 
switched connection field becomes very small and is not desirable. 

[0179] By the way. at least, although it is a fitness element X' (X-Mo) content, when it does not contain said 
element X' (X-Mo). it is more desirable than the time of the amount of element X* (X'=Mo) being Oat% that a 
switched connection field becomes large. 
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[0180] Comparatively, in the case of 6:4, if the amount of element X' (X*=Mo) is less than [ abbreviation 1at% ]. a 
switched connection field will become large rather than the time of the amount of element X' (X-Mo) being Oat% of 
the presentation ratio of Pt:Mn. 

[0181] Moreover, comparatively, in the case of 1:1, if the amount of element X' (X'=Mo) is less than [ abbreviation 
7at% ], a switched connection field will become large rather than the time of the amount of element X' (X-Mo) being 
Oat% of the presentation ratio of Pt:Mn. 

[01 82] Furthermore, comparatively, in the case of 4:6. if the amount of element X' (X -Mo) is less than [ abbreviation 
10at% ], a switched connection field will become large rather than the time of the amount of element X' (X*=Mo) 

being 0at% of the presentation ratio of Pt:Mn. 

[0183] next — although it is the minimum of a fitness element X* (X-Mo) content — the presentation ratio of PtMn 
— since the switched connection field became the largest comparatively when the amount of element X' (X'=Mo) 
became about 0.5 at(s)% in the case of 6:4. by this invention, the amount of element X* (X'=Mo) set up 0.2at(s)% 
smaller than 0.5at% as a minimum there. 

[0184] By this invention, the desirable range of the presentation ratio of element X* was set to 0.2 to 10 at at% from 
the above experimental result. Moreover, the more desirable range was set to 0.5 to 5 at at%. In addition, the 
desirable presentation range of above-mentioned element X' is the case where Mn is set up within the limits of Pt (= 
element X) and4:6 to 6:4. 
[0185] 

[Effect of the Invention] It sets on the switched connection film which consists of an antiferromagnetism layer and a 
ferromagnetic layer according to this invention explained in full detail above, and Is said antiferromagnetism layer X- 
Mn (however. X) the inside of Pt, Pd. Ir. Rh. Ru..and Os — any one sort or two sorts or more of elements — it is — 
the lattice constant of said antiferromagnetism layer by making it larger than the lattice constant of a ferromagnetic 
layer, when forming It becomes that it is easy to make the crystal structure of said antiferromagnetism layer 
metamorphose into a superlattice proper from an irregular grid, and it becomes possible to acquire a bigger 
exchange anisotropy field. 

[0186] Or at this invention, it is element X' (however. X'). Ne. Ar. Kr. Xe, Be. B, C, N, Mg, aluminum, Si, P, Ti, V. Cr, 
Fe, Co, nickel, Cu, Zn. Ga. germanium, Zr, Nb. Mo. Ag, Cd. Ir, Sn. Hf, Ta, W. Re, Au, Pb, and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — since the lattice constant of said 
antiferromagnetism layer can be enlarged more by making it dissolve with an invasion mold or a permutation mold in 
the X-Mn alloy film, it is possible to acquire a larger exchange anisotropy field. 

[0187] moreover, the phase which heat-treated — setting — a part of [ at least ] crystal structures of said 
antiferromagnetism layer — the face centred tetragonal lattice (superlattice) of L10 mold — becoming — **** — 
moreover — the ratio of the lattice constants a and c of said antiferromagnetism layer — it is desirable that c/a is 
within the limits of 0.93-0.99 at the point that a larger exchange anisotropy field can be acquired. 
[01 88] As mentioned above, when the direction of the lattice constant of an antiferromagnetism layer applies the 
large switched connection film to a magneto-resistive effect component compared with the lattice constant of a 
ferromagnetic layer, the resistance rate of change of said magneto-resistive effect component layer can be raised, 
and it is possible to raise reproducing characteristics. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2005/09/30 



JP,2000-031562.A [DESCRIPTION OF DRAWINGS] 



1/1 ^-v 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view which looked at the structure of the single spin bulb mold thin film of the 1 st 
operation gestalt of this invention from the ABS side side, 

[Drawing 2] The sectional view which looked at the structure of the single spin buib mold thin film of the 2nd 
operation gestalt of this invention from the ABS side side, 

[Drawing 3] The sectional view which looked at the structure of the dual spin bulb mold thin film of the 3rd 
operation gestalt of this invention from the ABS side side, 

[Drawing 4] The sectional view which looked at the structure of the AMR mold thin film of the 4th operation gestalt 
of this invention from the ABS side side, 

[Drawing 5] The sectional view which looked at the thin film magnetic head in this invention from the opposed face 
side with a record medium. 

[Drawing 6] The graph which shows the relation between the amount of Pt(s) before heat treatment at the time of 
forming an a ntiferro magnetism layer by PtMn, and the lattice constant of said antiferromagnetism layer, 
[Drawing 7] The graph which shows the relation of the amount of Pt(s) and exchange anisotropy field at the time of 
forming an antiferromagnetism layer by PtMn, 

[ Dr awing 8] The high-resolution TEM photograph of the multilayers of example ** shown in Table 1 , 
[Drawing 9] The high-resolution TEM photograph of the multilayers of example of comparison ** shown in Table 1 , 
[Drawing 10] The graph which shows whenever [ regulationHzed / of PtMn (antiferromagnetism layer) in the 
multilayers of example ** shown in Table 1 ], 

[Drawing 11] The graph which shows whenever [ regulationHzed / of PtMn (antiferromagnetism layer) in the 
multilayers of example ** shown in Table 1 ], 

[Drawing 12] The graph which shows the relation between the amount of element X' (X'=Ar) at the time of forming 
an antiferromagnetism layer by Pt-Mn-X* (X*=Ar), and the lattice constant of said antiferromagnetism layer. 
[Drawing 13] The graph which shows the relation of the amount of element X' (X -Ar) and switched connection field 
at the time of forming an antiferromagnetism layer by Pt-Mn-X* (X'=Ar). 

[Drawing 14] The graph which shows the relation between the amount of element X' (X -Mo) at the time of forming 
an antiferromagnetism layer by Pt-Mn-X' (X -Mo), and the lattice constant of said antiferromagnetism layer, 
[Drawing 15] The graph which shows the relation of the amount of element X' (X -Mo) and switched connection field 
at the time of forming an antiferromagnetism layer by Pt-Mn-X' (X -Mo). 
[Description of Notations] 

1 Free Magnetic Layer 

2 Nonmagnetic Conductive Layer 

3 Hxed Magnetic Layer 

4 Antiferromagnetism Layer 

5 Hard Bias Layer 

6 Substrate Layer 

7 Protective Layer 

8 Conductive Layer 

9 Exchange Bias Layer 

10 Soft Magnetism Layer (SAL Layer) 

1 1 Non-magnetic Layer (SHUNT Layer) 

12 Magnetic-Reluctance Layer (MR Layer) 

20 Lower Shielding Layer 

21 Lower Gap Layer 

22 Magneto-resistive Effect Component Layer 

23 Up Gap Layer 

24 Up Shielding Layer 
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[Drawing 1] 
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[Drawin g 10] 
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[Drawing 12] 
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[Drawing 14] 
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[Drawing 1 3] 
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